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INTRODUCTION 

This final report details the aehievements made as a result of the Physician Research Training 
Award entitled “Decision analysis of the benefits and costs of screening for prostate cancer”. The 
goal of the proposed research was to develop a decision analytic model of PSA screening for 
prostate cancer in order to permit the analysis of the effect of various PSA screening strategies on 
life expectancy (LE), quality-adjusted LE (QAEE), and the cost-effectiveness of screening. The 
comparator was to be a natural history model of unscreened, conservatively-treated prostate cancer 
based on primary data. It was hypothesized that the optimal screening strateg(ies) for prostate 
cancer would be dependent not only upon mortality benefit, but also upon the value patients place 
on health states and costs. 

This report will summarize the progress made on the tasks outlined in the Statement of Work. Due 
to difficulties that arose in conducting Task 1, the majority of the work conducted was on Task 3. 
The model developed to accomplish the goals described in Task 3 compared first the effectiveness, 
then the cost-effectiveness of treatment strategies for low-risk, clinically localized prostate cancer. 

In the initial iteration of this model, the strategies studied included active surveillance, radical 
prostatectomy, brachytherapy, intensity-modulated radiation therapy, and proton beam therapy. It 
was found that active surveillance is the most effective strategy of these, or associated with the 
greatest quality-adjusted life expectancy, but brachytherapy is the least expensive treatment. 
Active surveillance remained cost-effective under all scenarios constructed in men 65 years of age. 
Results of this model were published in the Journal of the American Medical Association , 
presented at annual meetings of professional societies, discussed in a teleconference sponsored by 
the Institute for Healthcare Improvement and JAMA, and discussed at the Cancer Intervention and 
Surveillance Modeling Network’s (CISNET) Annual Conference at the National Institutes of 

-5 

Health. A second manuscript, incorporating data published in 2012 from the PIVOT trial , 
compares the cost-effectiveness of watchful waiting to active surveillance, brachytherapy, IMRT, 
and radical prostatectomy was published 'm Annals of Internal Medicine^. 

I am very grateful to the Department of Defense for providing the funding to make this work possible. 


KEYWORDS 


Prostate cancer, screening, PSA, cost-effectiveness analysis, active surveillance, watchful waiting, quality of 
life, decision analysis 
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OVERALL PROJECT SUMMARY 

TASK 1: Develop a Markov Monte Carlo disease model of the natural history of prostate cancer. 
Methods. We will ereate a Markov Monte Carlo disease model of the natural history of prostate cancer. 
Individuals will progress from a disease-free state to preclinical disease to clinically-detectable prostate 
cancer; each individual will have a PSA value and, in those with prostate cancer, a Gleason score. Men with 
disease will progress from clinically localized to regional to metastatic disease and death of prostate cancer; 
they may also progress between Gleason scores. Death of other causes can occur from any health state. 

Task 1.1 Utilizing data from the published literature, create a model of the preclinical development of 
prostate cancer. Estimates of age-specific prevalence of preclinical prostate cancer, correlation of the 
presence of preclinical disease with serum PSA, and evaluation of PSA rise in the serum of patients 
subsequently diagnosed with prostate cancer will be obtained from the published literature. This data will be 
combined using regression analysis to estimate the preclinical incidence and progression of disease based on 
Gleason score and PSA. 

Task 1.2 Utilizing data from the control arm of the ERSPC, create a model of the characteristics of 
prostate cancer at diagnosis in a contemporary, unscreened population. We will utilize data provided by 
investigators from the ERSPC to model tumor and patient characteristics of clinically-diagnosed prostate 
cancer in the modem era, including age, stage at diagnosis, and Gleason score. 

Task 1.3 Utilizing data from a database of men diagnosed in the pre-PSA era, create a model of the 
progression of clinically localized, conservatively-treated prostate cancer. We have created a database of 
such men in collaboration with investigators from Orebro, Sweden, that will be used to develop transition 
probabilities between model health states described in Task 1.1. We will collaborate with Dr. D’Amico in 
interpretation and analysis of the data, particularly with regard to modeling PSA kinetics. 

Task 1.4 Calibrate the model using data from published studies of the natural history of conservatively- 
treated prostate cancer and recent clinical trials. We will calibrate the model to reproduce target outputs 
within 5% of pre-selected values. Sources of calibration data for our model will include incidence data from 
the control arm of the ERSPC and the published literature. 

Timeline: The collection and analysis of data from the ERSPC and the Orebro cohort and from the 
published literature will take 9 months. Constmction and calibration of the natural history model will take 
15 months. Two manuscripts will be generated: the first will reflect findings from the primary data, and the 
second will describe the natural history model. I will also take a course during the fall of the first year in 
order to acquire skills necessary to develop transition probabilities from the published literature. 

Outcomes: This task will result in the creation of a natural history model of unscreened, conservatively- 
treated prostate cancer that will provide data on characteristics of patients at clinical diagnosis and at 
progression, rates of progression, and prostate cancer specific- and all-cause mortality. 

Final report: 

An important feature of this model as originally designed was that it was to have been able to trace the 
natural history of prostate cancer in men diagnosed in the pre-PSA era whose prostate cancer had been 
regraded in the modem era, hence avoiding the concern raised by the fact that Gleason scores have shifted 
higher over the past 20 years. The constmction of this portion of the model was therefore cmcially 
dependent upon data obtained from the Orebro cohort, as outlined in Task 1.3. However, as described in 
previous progress reports, during analysis of the data from Orebro, I realized that in our cohort, Gleason 
score did not correlate with prostate cancer-specific survival. This finding is at odds with the published 
literature and prompted me to question the accuracy of the Gleason grading performed. A representative 
selection of pathologic samples was obtained from Orebro and regraded by a pathologist at Massachusetts 
General Hospital. It was realized that serious errors in Gleason scoring had been made and that as a result, 
this data was unusable. 
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Unfortunately, despite considerable effort extending through the third year of this grant, it was impossible to 
obtain the original pathology samples from the Orebro cohort for regarding in a timely manner, as the 
samples had been dispersed to several countries for other research endeavors. I therefore turned to other 
possible sources of long term outcomes data on men who were diagnosed with prostate cancer in the pre- 
PSA era. The most promising source of data was the SPCG-4 trial, a randomized controlled trial initiated in 
1989 that compared watchful waiting to radical prostatectomy in men diagnosed in Sweden in the pre-PSA 
era"^. However, after a delay in response of almost a year, my request for this data was denied. As funding 
for this project was coming to an end, I elected to continue to concentrate on constructing the model 
described in Task 3. 

TASK 2; Compare the clinical effectiveness, cost and cost-effectiveness of PSA screening strategies. 
Methods. Task 2.1 Vary the biopsy threshold for screening PSA, the interval between screening events, 
and establish the effect of PSA kinetics prior to diagnosis on screening strategies. We will first assess the 
effect of annual screening varying PSA biopsy thresholds. We will then vary the interval between PSA 
screening events using these thresholds. These two variables will then be modified simultaneously to 
identify the screening strategy that maximizes LE. Subsequent analyses will focus on identifying the 
optimal screening strategy once a PSA velocity has been established. The model will vary PSA velocity, 
biopsy threshold, and subsequent screening interval simultaneously. Similar analyses will be performed 
using PSA doubling time. 

Task 2.2 For each strategy, establish the lead time and effect on prostate cancer incidence. To quantitate 
lead time, the difference in time between screen diagnosis and clinical diagnosis of prostate cancer will be 
calculated. To estimate incidence and overdiagnosis rates, incidence in the presence and absence of 
screening will be compared. 

Task 2.3 Extend the model to include quality of life adjustments (utilities) and costs and use the model to 
estimate the clinical effectiveness, cost, and cost-effectiveness of each screening strategy. 

We will run the model using both community and patient-elicited utilities from the published literature and 
unpublished results provided by Dr. Susan Stewart. Dr. Swan will assist in analysis of these utilities and 
their incorporation into the model. Costs will be estimated from a societal perspective. Costs and QALYs 
will be discounted. Total cost will be the sum of direct medical costs. Costs will be calculated using data 
from the medical literature or local institutional cost data and will be expressed in 2012 dollars. 

The model will estimate the QALE and costs associated with each screening strategy. The model results will 
estimate the magnitude of benefit for intermediate and long-term outcomes, costs of care, and incremental 
cost-effectiveness. 

Task 2.4 Identify model parameters likely to cause a shift in model results using sensitivity analysis. We 
will perform sensitivity analysis on parameters likely to have a significant effect on LE in our model. The 
model will be run across a literature-derived plausible range of probabilities for selected variables. 

Timeline: Modification of the model to assess screening strategies, model calibration, and the calculation of 
lead time, incidence, and overdiagnosis rates will take approximately one year. Identification of costs, 
analysis and incorporation of utilities, cost-utility analysis and sensitivity analysis are projected to take nine 
months. I will take several courses at HSPH during the first two years to acquire the skills necessary for this 
task. One manuscript will be generated after completion of the screening model to describe the effect of 
screening on LE in conservatively-treated patients and the lead time and overdiagnosis associated with 
screening; the second at the completion of the CEA. 

Outcomes: This task entails the creation of a PSA screening model that will compare outcomes in screened 
versus unscreened conservatively-treated men. Outcomes will include LE, QALE, and cost-effectiveness for 
each strategy and identification of the strategy that maximizes each of these outcomes; secondary outcomes 
will include lead time, incidence, and overdiagnosis rates for each strategy. 

Final report: 
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It was not possible to eomplete Task 2 given its dependence on Task 1. However, a model incorporating 
prostate cancer treatment practices was constructed and is described as part of Task 3 below. 

TASK 3: Modify the model created in Task 2 to include modern treatment practices to evaluate the 
clinical effectiveness, cost, and cost-effectiveness of the PSA screening strategies described above. 
Methods. Task 3.1 Extend the model created in Task 2 to include modern treatment practices. We will 
incorporate modern treatment practices into the model to determine the effect of screening and treatment of 
screen-diagnosed disease on LE, QALE, and its cost-effectiveness. Treatments and outcomes will be 
obtained from the published literature and expert opinion, and sensitivity analysis will be performed. 

Task 3.2 Extend the model to include quality of life adjustments (utilities) and costs and use the model to 
estimate the effectiveness, cost, and cost-effectiveness of each screening strategy. In treated men, utilities 
and costs will be calculated, and effectiveness and cost-effectiveness of each screening strategy will be 
estimated, as described in Task 2.3. 

Task 3.3 Explore the role of future, as-yet-undeveloped diagnostic tests in screening for prostate cancer 
to establish the test characteristics required in order to identify men with clinically significant disease. 
The creation of a natural history model will enable us to identify the characteristics of prostate cancer most 
predictive of outcomes. Decision analytic modeling will highlight predictors of adverse outcomes in our 
model and will enable us to use them to characterize an “ideal” screening test. 

Timeline: Modification of the model to include modem treatment practices and its calibration will take one 
year. Identification of costs, analysis and incorporation of utilities, cost-utility analysis and sensitivity 
analysis are projected to take nine months; analysis and comparison of these results with those obtained in 
Task 2 will take 3 months. Two manuscripts will be produced: the first describing the effect of screening on 
EE in treated vs. untreated men, the second at the completion of the CEA. Courses I will take to acquire 
skills necessary for this task will be taken during the second and third years. I will attend seminars and 
national meetings and continue clinical work with prostate cancer patients throughout the award period. 
Outcomes: Outcomes for this task will include EE, QALE, and cost-effectiveness for each screening 
strategy in men treated for prostate cancer and identification of the screening strategy that maximizes each 
of these outcomes. 

Final report: 

A Markov Monte Carlo model was created comparing a strategy of active surveillance to treatment 
at diagnosis with radical prostatectomy or radiation therapy using brachytherapy, intensity- 
modulated radiation therapy, or proton beam therapy. A societal perspective was taken with a 
lifetime horizon. A systematic review of the literature was performed to establish transition 
probabilities for disease outcomes and for the probabilities of incurring complications of surgery 
and side effects (erectile dysfunction, urinary incontinence, gastrointestinal dysfunction)^'^. 

Utilities, or patient preferences, were obtained from literature review and from personal 
communication ' , (personal communication, Stewart). Costs were obtained from Medicare 
reimbursement schedules and included costs of initial treatment, treatment of side effects, and 
patient time costs. Sensitivity analyses were performed on key parameters. Outcomes included 
QALE, costs, and cost-effectiveness. Life expectancy was assumed to be equal for all approaches 
in these men with low-risk disease in the base case, and this assumption was varied in sensitivity 
analysis. 

The results of this model were presented at ASCO’s Genitourinary Cancers Symposium in March 
2010 and at a moderated poster session at the ASCO Annual Meeting in June 2010. 
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The manuseript of the eomparative effectiveness of active surveillance as compared to initial 
treatment without costs in 65 year old men was published in JAMA in December 2010 (please see 
Appendix)^. In this study, the QALE benefit of AS was examined in detail. On multiple 
sensitivity analyses, it was found that the QALE advantage of AS is quite robust: it remained the 
preferred strategy over initial treatment even if the risk of progressive disease or prostate cancer- 
specific death on AS was almost doubled, or the risk of side effects of treatment was halved. 
However, utilities played a key role in establishing the QALE advantage of AS. In particular, the 
value placed by individuals on being on AS and on having been treated was a major determinant of 
whether AS was favored. This analysis determined the utility thresholds at which initial treatment 
would be favored over AS. 

Subsequently, the cost-effectiveness model was extensively revised and expanded, in particular the 
cost structure, modifying it to include more detail regarding costs incurred on active surveillance 
and to reflect one-time vs. recurrent costs, among other alterations. We also expanded the model 
to include men ages from 55-75. A portion of these results were presented in an oral presentation 
session at the Society for Medical Decision Making’s annual conference in Toronto in October 
2010 . 

We submitted a manuscript of our cost-effectiveness analysis to Annals of Internal Medicine and 
after extensive revision and expanding the manuscript to incorporate a watchful waiting strategy 
based on the results of the PIVOT study comparing watchful waiting to radical prostatectomy in a 
screened population , this manuscript was published in June 2013 (please see Appendix). This 
analysis compares the cost-effectiveness of watchful waiting, active surveillance, brachytherapy, 
intensity-modulated radiation therapy, and radical prostatectomy. 

In this study\ we found that watchful waiting is both more effective and less expensive than either 
active surveillance or initial treatment. Compared with active surveillance, watchful waiting 
provided 2 additional months of QALE (9.02 vs. 8.85 years) at a cost savings of $15 374 ($24 520 
vs. $39 894) in men aged 65 years and 2 additional months (6.14 vs. 5.98 years) at a savings of 
$11 746 ($18 302 vs. $30 048) in men aged 75 years. Brachytherapy was the most effective and 
least expensive initial treatment. Treatment became more effective than observation when it led to 
more dramatic reductions in prostate cancer death (hazard ratio, 0.47 vs. watchful waiting and 0.64 
vs. active surveillance). Active surveillance became as effective as watchful waiting in men aged 
65 years when the probability of progressing to treatment on active surveillance decreased below 
63% or when the quality of life with active surveillance versus watchful waiting was 4% higher in 
men aged 65 years or 1% higher in men aged 75 years. Watchful waiting remained least expensive 
in all analyses. 

The model described above is specific to men with low-risk prostate cancer (Gleason < 3+3; 
clinical stage <T2a, PSA <10 ng/mL). Modifications necessary to generalize this model to all men 
treated after screening include establishing prostate cancer-specific outcomes for men with 
intermediate and high-risk disease, outcomes that are expected to be reflected in shorter life 
expectancies for men with higher-risk disease. Expanding the model to include men with 
intermediate and high-risk prostate cancer was the primary focus during the final year of this 
award. 
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The souree of data for this portion of Task 3 is very exeiting. A project that evolved out of this 
model is a cost-effectiveness analysis that will assess whether intermediate clinical endpoints exist 
that can replace overall survival for the approval of adjuvant therapies for clinically localized 
prostate cancer. As part of a larger international collaboration, a database is currently being 
assembled at DFCI combining primary data on patients and outcomes for over 45,000 men with 
primarily intermediate- and high-risk, clinically localized prostate cancer who underwent treatment 
for their disease as part of a clinical trial. Access to this data will enrich the model immeasurably, 
as we will be able to develop probabilities directly from the primary data as opposed to 
extrapolating from published results of multiple different trials with varying endpoints. The 
structure of the model of intermediate and high-risk prostate cancer has been completed and testing 
is ongoing, but probabilities are not yet available from this database for use in the model to 
generate results as the data continues to be assembled and processed by the statisticians. It is 
anticipated that probabilities will be available for use in this model later this year. Funding from 
the Prostate Cancer Foundation was obtained to support the modeling component of this larger 
effort starting July 2014. 

Completed abstracts and manuscripts are listed in the Publications section of this report. 
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KEY RESEARCH ACCOMPLISHMENTS 


In summary, work completed on this grant proposal has demonstrated that 

a) in screen-detected men with low-risk prostate cancer, active surveillance is a 

cost-effective alternative to initial treatment with radical prostatectomy or 
radiation therapy (with brachytherapy, intensity-modulated radiation 
therapy, or proton beam therapy), for men between 55 and 75 years of age 
at diagnosis. 

b) the quality-adjusted life expectancy benefit of active surveillance seen in these 

men is robust but depends upon the patient preferences, or utilities, 
associated with being on active surveillance and with having been treated. 

c) observation with watchful waiting as practiced in the PIVOT study is 

associated with improved QALE and is cost saving compared to either 
active surveillance or initial treatment in men 65 and 75 years of age. 
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CONCLUSIONS 

In screen-detected men with low-risk prostate cancer, observation is a safe and effective 
alternative to initial treatment. In our model comparing active surveillance (AS) to initial 
treatment, the quality of life advantage associated with AS is robust, reflecting the deferred and 
substantially lower incidence of side effects of treatment experienced by men on AS. AS is 
associated with significant improvements in QALE even in analyses in which the probability of 
dying of prostate cancer or of developing progressive disease on AS is increased. However, our 
finding that the optimal strategy is sensitive to utility weights is evidence that the decision 
whether to pursue AS must be individualized. In future, models incorporating individual patient 
utilities may be available to assist patients and their caregivers to estimate the risks and potential 
benefits of AS prior to making this decision. 

In particular after the publication of the PIVOT trial demonstrated no survival benefit to radical 
prostatectomy in men with low-risk prostate cancer, watchful waiting has gained attention as an 
intriguing alternative both to initial treatment and to the more interventionist active surveillance. 
When we modeled the results of the PIVOT study, it was found that watchful waiting was both 
more effective and less expensive than either active surveillance or initial treatment, even if the 
risk of dying of prostate cancer on active surveillance is half that of watchful waiting. Again, 
however, patient preferences were central to the quality of life advantage seen with observation. 

Observation for low-risk prostate cancer is a promising strategy both on an individual and on a 
societal level, and increasingly media and professional attention is making it a more recognized 
alternative to initial treatment. However, the optimal approach for surveillance is not yet known 
- how little intervention is both safe and acceptable to patients and health care providers has yet 
to be determined. Our model was the first to quantitate the quality of life advantages of 
observation over initial treatment in men with low-risk prostate cancer in an exhaustive manner. 
Future directions for this model would include creating an individualized version of the model 
that men newly-diagnosed with prostate cancer could use, entering their own preferences to 
determine the best treatment strategy for them. In addition, the model is part of an effort to 
identify intermediate clinical endpoints that may replace overall survival in order to facilitate 
earlier approval of novel adjuvant therapies for clinically localized disease. 
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PUBLICATIONS, ABSTRACTS, AND PRESENTATIONS 

Peer-Reviewed Scientific Journals: 

Hayes JH, Ollendorf DA, Pearson SD, Barry MJ, Kantoff PW, Stewart ST, Bhatnagar V, 
Sweeney CJ, Stahl JE, McMahon PM. Active surveillance compared with initial treatment 
for men with low-risk prostate cancer: a decision analysis. JAMA. 2010;304(21):2373-80. 
(accompanied by an editorial: Thompson IM, Klotz L. Active Surveillance for Prostate 
Cancer. JAMA 2010;304(21 ):2411-12.) 

Hayes JH, Ollendorf DA, Pearson SD, Barry MJ, Kantoff PW, Lee PA, McMahon PM. 
Observation vs. initial treatment for men with localized low-risk prostate cancer: A Cost 
Effectiveness Analysis. Ann Intern Med. 2013;158:853-860 

Hayes JH, Barry MJ, McMahon PM. Observation versus initial treatment for prostate 
cancer. Ann Intern Med. 2013; Oct I5;I59(8):574 

Invited Articles: 

Hayes JH, Barry MJ. Commentary on screening for prostate cancer using prostate-specific 
antigen: current status and future directions. Oncology 2011. May; 25(6): 468-478. 

Hayes JH, Barry MJ. Screening for Prostate Cancer With the Prostate-Specific Antigen 
Test: A Review of Current Evidence. JAMA. 2014;311(11):1143-1149. 


Abstracts: 

Hayes JH, Ollendorf DA, Pearson SD, McMahon PM. Cost-effectiveness analysis of 
therapeutic options for low-risk prostate cancer. ASCO Genitourinary Cancers 
Symposium. 2010; abstr 170. 

Hayes JH, Ollendorf DA, Barry MJ, Pearson SD, McMahon PM. Therapeutic options for 
low-risk prostate cancer: A cost-effectiveness analysis. J Clin Oncol 28:7s, 2010 (suppl; 
abstr 6012). 

Hayes JH, Ollendorf DA, Barry MJ, Pearson SD, McMahon PM. A Cost-effectiveness 
analysis of therapeutic options for low-risk prostate cancer. Med Decis Making, 
January/February 2011; vol. 31, 1: p.ElOO. 
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INVENTIONS, PATENTS, AND LICENSES 


Nothing to report. 


REPORTABLE OUTCOMES 

A Markov Monte Carlo simulation model of low-risk, clinieally loealized prostate cancer 
analyzing the quality of life and cost of treatment vs. observation has been created. This 
model is available to the public as a tool for further analysis and modification to address 
questions surrounding the treatment of low-risk disease. 


OTHER ACHIEVEMENTS 

Funding applied for based on work supported by this award 

Prostate Cancer Foundation Young Investigators Award. 

Applied for and received, grant period July 2010 to July 2013. 

The funds from this award are used to pay the salary of a computer programmer 
who is assisting in the development of the natural history model. 

NIH/NCIR01CA183958-01. “Opening the Black Box of Cancer Policy Models”. 
Co-PI. Funding requested for 2014-2017. Applied June 2013; not funded. 
Utilizing existing models of cancer, this project will develop a software platform 
that will address modeling’s black box reputation and allowpolicymakers to 
interact more fully with the model predictions, capabilities and limitations. 

Prostate Cancer Foundation Award. 

“Implementing an Intermediate Clinical Endpoint for Clinical Trials of Adjuvant 
Therapy for Prostate Cancer; A Decision Analysis” 

Applied for and received, grant period July 2014 through December 2015. 

Employment or research opportunities applied for and/or received based on 
experience/training supported by this grant 

Promotion to Assistant Professor, October 2013. 
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APPENDICES 


lUKIGIVM.COMHIIU TION 


Active Surveillance Compared 
With Initial Treatment for Men 
With Low-Risk Prostate Cancer 

A Decision Analysis 


Context In the United States, 192 000 men were diagnosed as having prostate can¬ 
cer in 2009, the majority with low-risk, clinically localized disease. Treatment of these 
cancers is associated with substantial morbidity. Active surveillance is an alternative to 
initial treatment, but long-term outcomes and effect on quality of life have not been 
well characterized. 

Objective To examine the quality-of-life benefits and risks of active surveillance com¬ 
pared with initial treatment for men with low-risk, clinically localized prostate cancer. 

Design and Setting Decision analysis using a simulation model was performed: men 
were treated at diagnosis with brachytherapy, intensity-nxxlulated radiation therapy 
(IMRT), or radical prostatectomy or followed up by active surveillance (a strategy of 
dose monitoring of newly diagnosed patients with serial prostate-spedfic antigen mea¬ 
surements, digital rectal examinations, and biopsies, with treatment at disease pro¬ 
gression or patient choice). Probabilities and utilities were derived from previous stud¬ 
ies and literature review. In the btise case, the relative risk of prostate cancer-specific 
death for initial treatment vs active surveillance was assumed to be 0.83. Men in¬ 
curred short- and long-term adverse effects of treatment. 

Patients Hypothetical cohorts of 65-year-old men newly diagnosed as having clini¬ 
cally localized, low-risk prostate cancer (prostate-specific antigen level <10 ng/mL, 
stage :sT2a disease, and Gleason score £6). 

Main Outcome Measure Quality-adjusted life expectancy (QALE). 

Results Active surveillance was associated with the greatest QALE (1 1.02 quality- 
adjusted life-years [QALYsJ), followed by brachytherapy <10.5 QALYs), IMRT (10.43 
QALYs), and radical prostatectomy (10.23 QALYs). Active surveillance remained as¬ 
sociated with the Nghest QALE even if the relative risk of prostate cancer-specifk death 
for initial treatment vs active surveillance was as low as 0.6. However, the QALE gains 
and the optimal strategy were highly dependent on individual preferences for living 
under active surveillance and for having been treated. 

Conclusions Under a wide range of assumptions, for a 65-year-old man, active sur¬ 
veillance is a reasonable approach to low-risk prostate cancer based on QALE com¬ 
pared with initial treatment. However, individual preferences play a central role in the 
decision whether to treat or to pursue active surveillance. 
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Table 1. Model Inputs for Disease-Related and Treatment-Related Probabilities 

Annual Probabilitiee 

Bono Coao Estimate 
(SO)' 

Range Used in 
Sensitivity AnalyM 

Oieeaae-reiated probebitiee 

Low-fisk prostate cancer 

BiocherTveal recurence after 
treatment" 

Yea-1.0.01; 
lileCrTie risk. 0.45 

Not vened 

Progreesion tram biochemical 
recurrence to metastatic 

[faOQDO’’ 

0.05 

Not vened 

Death due to prostate cancer after 
development of metastatic 
(jooooo* 

0.22 

Not vened 

Actr^ auvfoianco 

Piutf uuiion to Gtoopon eoore 27'* 

0.0263 (0.007) 

0.0132-0.526 

Other progreeBcn leg. PSA. 

0.0268 (0.007) 

0.0134-0.536 

Becting treatment 

0.018(0.005) 

0.006-0.036 

Development of metastatic disease 
pmr to treatment 

0.008 

0.004-0.016 

Intermediate-risk prostate carv»r 
(Gteaeon score 27) 

Biochemical recurrence after 
treatment^' 

Yea 1.0.01; 
hiecime riek. 0.60 

Not vened 

Progrooaion from biochemical 
recurrence to metastatic 
deeaae'' 

0.05 

Not vened 

Adverse effects of treatment 

Short term 

Radcal proetatectem/ 
r>Bnoperabve death 

0.0044 (0.00001) 

0.0022-0.0088 

Ma|or oompicatione'’ 

0.0472 (0.0168) 

0.023&0.0644 

Mnor oomplicatnne^ 

0.0648 (0.0019) 

0.0474-0.1896 

Uhnary toiocity 

0.47 (0.0578) 

0.235-0.64 

Erectle dysftjrxrtion 

0.77 (0.0384) 

0.385-1 

Oethral stricture 

0.0344 (0.002) 

0.0172-0.0688 

IMRT- 

Urinary toxicity^ 

0.3 (0.0835) 

0.15-0,6 

Gastrontestinal toodcity 

0.18(0.0506) 

0.060.36 

Brach/lherap/' 

Uhnary toxicity^ 

0.29 (0.058) 

0.145^.58 

Acute urinary retention 

0.1 (0.021) 

0.06-0.2 

Gastrontestinal teoderty 

0.02 (0.001) 

0.01-0-04 

Actrwe surveilanoe ^riopsyf' 

Urooopoc 

0.001 (0.0001) 

0.00050.002 

Acute urtoary retention 

0.026 (0.0049) 

0.013-0.062 

Long term 

Radcal proatatectom/ 

Um^ toxicity 

0.127 (0.011) 

0.06350254 

Erectle dystunctian 

0.453 (0.021) 

02265-0.906 

IMRT- 

Uhnary toiQcity'’ 

0.04 (0.02) 

0.02-0.08 

Gastrontestinal tooderty 

0.03 (0.01) 

0.01-0.04 

Erectte dysfuTKtian 

0.124 (0.028) 

0.032-0.128 

Secondary maignancy 

0.0003 (0.00008); 1% 
WetimB risk begnre^ 10 y 
after treatment 

0.00015^.0006 

Brachytoerapy^' 

Uhnary toiocity^ 

0.06 (0.036) 

0.025-0.10 

Gastrontestinal toodcity 

0.01 (O.OOQ 

0.005-0.02 

Erectte dyefunctian 

0.124 (0.028) 

0.032-0.128 

Secondary maignancy 

0.00015 (0.000038): 0.5% 
Hetime riA begmng 10 y 
after treatment 

0.0000750.0003 


(cartFtuadi 


prostate cancer morbidity and mortal¬ 
ity from those who will die with but not 
because of their cancer. Active suiveil- 
lance is an alternative to initial treat¬ 
ment for men with low-risk, clinically lo¬ 
calized disease that has the potential to 
mitigate overtreatment. 

Active surveillance is a strategy of 
close monitoring for carefully se¬ 
lected patients with low-risk prostate 
cancer. The intent of active surveil¬ 
lance is to avert treatment unless dis¬ 
ease progression occurs or a patient 
chooses treatment, in which case treat¬ 
ment with curative intent is under¬ 
taken. The results of several observa¬ 
tional cohorts of active surveillance 
have been promising, but follow-up has 
been relatively short.’"” 

We performed a decision analysis to 
assess the quality-adjusted life expec¬ 
tancy (QALE) of active sun’eillance 
compared with initial definitive treat¬ 
ment with radical prostatectomy, in¬ 
tensity-modulated radiation therapy 
(IMRT), or brachytherapy. 

AAETHODS 

W'e constructed a state transition model 
analyzed using Monte Carlo simula¬ 
tion with TreeAge Pro Suite 2009, 
version 1.0.2,” to estimate health 
benefits (QALE) accruing to men with 
low-risk, clinically localized prostate 
cancer (PSA <10 ng/mL. stage sT2a 
disease, and Gleason score S6).” In the 
model, men are treated at diagnosis or 
undergo active sun’eillance. Men en¬ 
ter the model at age 63 years and exit 
at time of death due to prostate cancer 
or another cause. The decision tree 
structure is show’n in eFigure 1 (avail¬ 
able online at httpyAvww.jama.com). 

Initial Treatment 

Men in this cohort undergo treatment 
with IMRT, brachytherap)’, or open ret¬ 
ropubic nerve-sparing radical prosta¬ 
tectomy. Once treated, men are at risk 
of recurrence as evidenced by an in¬ 
crease in PSA (biochemical recur¬ 
rence). If a man develops biochemical 
recurrence, he is at risk of progression 
to metastatic disease and death due to 
prostate cancer or another cause. 
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Table 3. Model Inpub for Utilities for Health States' 

Health State 

Utility (SO) [Range] 

Proetate cancer 

Active aurvoiance* 

0.83 (0.24) (0.42-1] 

Bnchemical rBoarence 

0.68 (0-26) (0.34-1) 

Metastatx: cancer 

0.12 (0.18) (0.06-0.241 

Treatment of adverse eltects 

Impotence 

0.88(0.20) (0.44-1) 

Urinary cMiculty 

0.88 (0.16) (0.44-1) 

Urinary frKontinenoe 

0.81 (0.30) (0.40-1) 

Bowel problems 

0.63 (0.32) (0.32-1] 

Impotence and urinary ctHiculty 

0.77 (0.24) (0.38-1) 

Impotence and urinary ricontinenoe 

0.84 (0.23) (0.42-1) 

Urinary incontinence and bowel probtems 

0.64 (0.33) (0.32-1) 

lmpoterx:e and bowel problems 

0.55 (0.36) (0.23-1) 

Impotence, lainary ncontfrience. arxl bowel problems 

0.38 (0.30) (0.19-0.75) 

Mafor compflcatpna of radical prostatectomy^ 

0.96(0.012) p.48-1] 

Minor conrpiications of radical prostatectomy^ 

1 

Other heafth stales 

Posttreatment without adverse effects^ 

0.80 (0.24)P.4-1] 

Treatment with radical prostatectomy*^ 

0.46 (0.36) p.23-0.921 

Treatment with raciiation therapy'^ 

1 (0.5-1) 


° LHi too are from Slewart et aP arxJ urpubkahed data (Slewert et ei: 2009) except as olher^Mse noted 

‘^We^il e d average oIcfautiitgB of oofT^x)nerfrcompkaeon8^naior ttoo ding. deep w>itfTfomboei»t*ATiofWfven>- 
boii^ systernc iniection. myocardet Narctiorvcerebrcrasaiar aodderfr. bowel nur^ from Sui^ and Gtueh- 
chyon.* 

^ Because mnor sugical compicalions <frd not involA agnAcart treatment, no dec r ement n utity was asagned to 
theu compicatiQnB. 

^Tbe treatment vwto raefrcal prostatectomy uttty reflected oriy the udity for iftoergoNig radcal prostatectomy wUhoul 
compicabons. erectite dyvuncbon. or lawwy symptoms. No udrty was toiito in the nerteure that reflected arty tie 
utity for undergong rac&teon tierapy wfrhout adverse eiecta senateMty sielyas was performed on a wide range. 


base case, utilities were elicited from 
men without a diagnosis of prostate 
cancer using the time-trade-olT method, 
in which individuals are asked to de¬ 
fine the amount of time ihes’ would be 
willing to sacrifice to be in a better 
health state vs a poorer health state 
(Table 2).“'’* Sensitivity anal)'scs were 
conducted using patient-derived utili¬ 
ties. In the model, patients maintain 
posttreatment utilities until death, with 
the exception of utilities related to 
short-term adverse effects and erectile 
dssfunclion attributed to androgen dep¬ 
rivation therapy. 

Sensitivity, Threshold, and 
Probabilistic Sensitivity Analyses 

We conducted 1 -way and multiway sen¬ 
sitivity analyses around key variables 
(ranges are given in Table 1 and 
Table 2). Threshold anal}'ses were per¬ 
formed to identify probability and util¬ 
ity values at which the optimal strat¬ 
egy (as defined by the highest QALE) 
changed. Sensitivity anal>'sis was also 


performed to assess the effect of dis¬ 
counting on model results (eTable 2). 

Probabilistic sensitivity anaK'sis was 
performed and effectiveness calcu¬ 
lated for each strateg>' from 500 samples 
consisting of 1(K)0(X) individual trials 
run with unique sets of draws from in¬ 
dependent distributions around 43 
parameters, including probability of 
prostate cancer-specific death during 
active surs’eillance, complications and 
adverse effects of treatment, and utili¬ 
ties. Uncertainly around event prob¬ 
abilities and utilities was represented 
using p distributions (Table 1) except 
for uncertainty around the probability 
of developing metaslatic disease prior 
to treatment during active surveil¬ 
lance, which was estimated using a uni¬ 
form distribution. 

RESULTS 
Base Case 

In men aged 65 years, active surs'cil- 
lance, with IMRT for progression, was 
the most effective strateg)’ (denned as 


the strateg>' associated with the high¬ 
est QALE) producing 11.02 QALYs. 
Brachythcrapy and IMRT were less ef- 
feclive at 10.5 and 10.43 QALYs, re¬ 
spectively. Radical prostatcclomy was 
the least effective treatment, sielding 
10.23 QALYs. The difference between 
the most and least effective initial treat¬ 
ment was 0.25 QALYs, or 3 months 
of QALE. In contrast, active surveil¬ 
lance prosided 6.2 additional months 
of QALE compared with brachy- 
therapy, the most effective initial 
Ircatmcnl. 

In the base case, 61% of men ini¬ 
tially followed up with active surveil¬ 
lance underweni definitive treatment 
during their lifetimes because of pro¬ 
gressive disease or patient choice at a 
median of 8.5 years after diagnosis, 
similar to recent published experi- 
ence.*’” '*-* The risk of prostate cancer- 
specific death was 9% for initial treat¬ 
ment and 11% for active surs-eillance 
in ihe model. 

Active Surveillance: Evaluation 
of Key Model Parameters 

The results of sensitis-ity and thresh¬ 
old anaK'ses in which active surveil¬ 
lance yielded a lower QALE than an ini¬ 
tial treatment are reported herein. 
Anal>'ses using patient-derived utili¬ 
ties (eTable 3 and eTable 4) and which 
varied the probability of disease pro¬ 
gression during active surveillance 
(eTable 5), dcs'cloping ssTnploms of dis¬ 
ease during active surveillance (eTable 

5) , adverse effects of treatment (eTable 

6) , and the utilities associated with 
s)’mptoms during active surveillance 
(eTable 7) resulted in QALE estimates 
favoring active surveillance. 

Risk of Prostate Cancer-Specific 
Death. We conducted a threshold analy¬ 
sis to identify how much greater the risk 
of prostate cancer-specific death would 
have to be under active surs'eillance 
compared with initial treatment for the 
2 approaches to be associated with equal 
QALE. For QALE to be equal. 15% of 
men undergoing active surs’eillance 
would have to die of prostate cancer as 
opposed to 9% who received initial 
treatment, a lifetime relative risk of 


237€ JAMA. December 1,2010—^Vol 3(H, No. 21 €>2010 American Medical Association. AH ri^ts reserred. 

Corrected on April 4. 2011 


17 


























Hayes, Final Report, Year 5: W81XWH-09-1-0512 


SURVEILLANCE VS TREATMENT FOR LOW-RISK PROSTATE CANCER 


death of 0.6 for initial treatment vs sur¬ 
veillance. 

Analyses of Utilities. The utility or 
value assigned b)' indisiduals to a par¬ 
ticular health state is of central impor¬ 
tance in the analysis of QALE. Two 
utilities were key to determining the 
favored strateg)- in the base case; (I) 
the utility for undergoing active sur¬ 
veillance and being at risk of cancer 
progression (living under active 
surveillance) and (2) the utility for 
basing been treated and being at risk 
of recurrence but not experiencing 
adverse effects of treatment (posttreat- 
ment without adverse effects) (eTable 7 
and eTable 8). 

Figure 1 demonstrates this depen¬ 
dence. The line on the graph repre¬ 
sents the points at which the QALE of 
active surveillance was equal to initial 
treatment with brachytherapy; the 
shaded area to the right and below the 
line represents values of the utility for 
Using under actis'e surs-eillance at which 
active surs’eillance produced higher 
QALE than initial treatment. For ex¬ 
ample, if the utility for active surveil¬ 
lance svas 0.83 (the base-case s-alue), the 
posttreatment utility had to be less than 
0.88 for active surveillance to remain 
associated with higher QALE. If the 
posttreatment utility svas 0.8 (the base- 
case value), the utility for Using under 
active surveillance had to be greater 
than 0.77 for actis-e surs-eillance to be 
fas-ored. 

When deciding whether to undeigo 
active surveillance, patients and clini¬ 
cians must weigh the ps)'chological bur¬ 
den of Using with prostate cancer and 
the disease-specific risk of doing so. We 
therefore performed a threshold analy¬ 
sis simultaneously s-aiying the utilit)- for 
actis-e surs-eillance and the incidence of 
prostate cancer-specific death to iden¬ 
tify at which values of each actis-e sur¬ 
veillance would continue to be fa¬ 
s-ored os-er initial treatment. Figure 2 
represents the values of utility for ac¬ 
tive surveillance and incidence of pros¬ 
tate cancer-specific death at which the 
QALE generated by- the model is equal 
to initial treatment (with brachy- 
therapy). For example, if the utility for 


actis-e surs-eillance was 0.9, active sur¬ 
veillance produced a higher QALE than 
initial treatment even with a risk of 
prostate cancer-specific death of up to 
19%. 

Probabilistic Sensitivity Analysis. 
Given the considerable uncertainty sur¬ 
rounding the model inputs, we per¬ 
formed a probabilistic sensilis-ity analy¬ 
sis (Table 3). These results reflect the 
uncertainty surrounding each param¬ 
eter in the model, including utilities, 
sy-mptoms during actis-e surs-eillance, 
ads-ersc effects of treatment, and risk of 
prostate cancer-specific death during 
actis-e surs-eillance. Although the con¬ 
fidence inters-al for each strategy- is wide, 
the ranking of strategies and the mag¬ 
nitude of effect difference betw-een the 
strategies was unaltered w-hen uncer¬ 
tainty was incorporated. Moreos-er, 
there w-as no statistical acK antage of any 
initial treatment over actis-e surs-eil¬ 
lance. 

COMMENT 

Men aged 65 years at diagnosis fol¬ 
lowed up w-ith actis-e surs-eillance re- 
ceis-ed an additional 6.2 months of 
QALE compared with treatment with 
brachytherapy, the most effective ini¬ 
tial treatment, in the base-case results. 
This analysis demonstrates that w-hen 
a broad spectrum of possible disease- 
and quality- of life-related outcomes as¬ 
sociated with active surs-eillance and 
treatment is taken into account, active 
surs-eillance is a reasonable approach 
to consider in 65-y-ear-old men w-ith 
clinically localized, low-risk prostate 
cancer. 

Howes-er, in the United States, ac¬ 
tive surs-eillance is used infrequently- for 
management of prostate cancer. Al¬ 
though 16% to •H)% of men newly- di¬ 
agnosed as has-ing prostate cancer meet 
criteria for active surs-eillance. less than 
10% of eligible men elect this ap- 
proach.^^' Barriers to its use has-e in¬ 
cluded concerns about long-term dis¬ 
ease outcomes, the perception that most 
men will ultimately undergo treat¬ 
ment, and concerns about the quality 
of life of men w-ho elect active surs-eil¬ 
lance.*^^’ 


The long-term outcomes of men who 
undergo active surs-eillance are poorly- 
characterized. Prospective studies of ac¬ 
tis-e surveillance have differing eligi- 


Fi^re 1. Threshold Analysis of UtiKN for 
Living Under Active Surveillance and tor 
Having Undergone Treatment Without 
Adverse Effects 



os as 1.0 


Utity Under ActM Su^iance 


Line indicates point at which quaJrty-adlusted life ex¬ 
pectancy of surveAance is equal to initial treatment. 
Sha<feng indicates active surveflarKe favored over ini¬ 
tial treatment. 


Figure 2. Threshold Analysis of Utility for 
Being Under Active Surveillance and 



07 oa 0.8 1.0 

mty Urxjar Active Siavalanco 


Line indicates point at which qualrty-ad|usted life ex* 
pectarscy of adive surveillance is equal to irvtiaJ treat¬ 
ment. Shading indicates active surveibrKe favored over 
initial treatment. PCSD indicates prostate caiKer- 
spedfic death. 


Table 3. Probabilistic Sensitivity Analysis 

Strategy 

QALY6(06% 

Confiderbce 

Interval) 

kK remental 
QALY 

Active SLfVodanco 

11.02 

<6.94-15.10) 


Brachfytherapy 

10.80 

(537-16.23) 

-032 

IMRT 

10.63 

(542-15.89) 

-0.17 

Radicd 

proetatectcyny 

10.41 

(434-15.98) 

-032 

ftltxotirtinrii IlyfTT rimnily frrriinlnflmilnlinntinniriy. 
QALY. quaity-achistod i^year. 
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bility criteria and triggers for treat¬ 
ment. complicating the interpretation 
of results*'" '*-” (eTable 9). The rela¬ 
tive merits of one set of eligibility cri¬ 
teria and treatment triggers over an¬ 
other for capturing clinically significant 
disease and minimizing overtreat¬ 
ment have not been established. Re¬ 
cently, Klolz et al’ published results on 
the cohort with the longest median fol¬ 
low-up to date, 6.8 years. Thirt)’ per¬ 
cent of the cohort progressed to defini¬ 
tive treatment; outcomes were favorable 
after short follow-up, with 97.2% 10- 
year prostate cancer-specific survival 
and 78.6% overall survival. 

Given the uncertainty surrounding 
long-term outcomes with active sur¬ 
veillance, we anal)'zed the effect on the 
results of varying the estimates of pros¬ 
tate cancer-specific death and progres¬ 
sive disease during active surveil¬ 
lance. In the base case, we assumed that 
the relative risk of prostate cancer- 
specific death after initial treatment 
compared with active surveillance was 
0.83, half that of radical prostatec¬ 
tomy compared with watchful wailing 
as reported in a randomized con¬ 
trolled trial.” In that trial, men were not 
screen-delected and in general had 
higher-risk disease than patients typi¬ 
cally followed up with active surveil¬ 
lance. who are offered potentially cura¬ 
tive treatment. The relative risk of 
prostate cancer-specific death was 0.65 
(95% confidence interval. 0.45-0.94) for 
treatment vs watchful wailing in men 
of all ages; in men older than 65 years, 
the relative risk was 0.87 (95% confi¬ 
dence interval. 0.51-1.49) and was not 
significant. We chose 0.83 as the base 
case assumption of relative risk to ap¬ 
proximate a conservative but reason¬ 
able risk of prostate cancer-specific 
death in the absence of a randomized 
controlled trial comparing treatment to 
active surveillance. We then per¬ 
formed sensitivity analyses to assess the 
point al which the QALE advantage of 
active surveillance could be overcome 
by a higher risk of prostate cancer- 
specific death. For active surveillance 
and initial treatment to be associated 
with equal QALE. the relative risk of 

317S JAAAA. December I. 2010—Vol3(H. No 21 
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prostate cancer-specific death after ini¬ 
tial treatment vs active surveillance 
would have to be 0.6. Even if choos¬ 
ing active surveillance places men al a 
substantially higher risk of dying of 
prostate cancer or the risk of progres¬ 
sive disease on active surveillance is 
doubled, active surveillance is associ¬ 
ated with higher QALE. 

Few studies of quality of life in men 
undergoing active surveillance have 
been performed, and even fewer have 
measured utilities for active surveil¬ 
lance health states. However, anxiety 
in men who have chosen active sur¬ 
veillance or watchful wailing has not 
been shown to be higher than in men 
who elect initial treatment.'”'** 

In this analysis, active surveillance 
was favored over initial treatment for 
low-risk disease in men aged 65 years 
al diagnosis, but this result was highly 
dependent on the utility individuals 
place on living under active surveil¬ 
lance compared with having been 
treated.** In the base case, the utility for 
living under active surveillance was 
0.83; having been treated without ad¬ 
verse effects of therapy but al risk of re¬ 
currence carried a utility of 0.80,2 val¬ 
ues taken from the same population.** 
If these values are varied, the results of 
the model change significantly. If the 
utility for active sun-eillance is raised 
above 0.94, active surveillance is fa¬ 
vored no matter the utility assigned to 
the postirealment health stale. If the 
utility for the postireatmeni health state 
is 0.80 (the base-case value), the util¬ 
ity for active surv'eillance must be 
greater than 0.77 for active surveil¬ 
lance to be favored. To place this util¬ 
ity in context, a utility of 0.77 is as¬ 
signed to Imng with both impotence 
and urinary difficulty (Table 2). How- 
e\'er, there is no postirealment utility 
al which initial treatment is favored in¬ 
dependent of the utility for living un¬ 
der active surveillance. Figure 1 dem¬ 
onstrates the importance of utilities in 
the model results but also reflects the 
central role of patient preference in the 
decision-making process. 

These findings challenge the percep¬ 
tion that active surveillance is a rea¬ 


sonable approach only if the risk of 
prostate cancer-specific death is equal 
to that seen with initial treatment. We 
found that as the utility for living un¬ 
der active surveillance increases, the 
minimal risk of prostate cancer- 
specific death associated with active sur¬ 
veillance necessary for initial treat¬ 
ment to be favored increases as well 
(Figure 2). This anal)'sis simulates the 
decision-making process experienced 
by patients and ph>'sicians, who must 
weigh disease-specific and pisychologi- 
cal risks of active sun'eillance. 

Probabilistic sensitivity anal>'sis indi¬ 
cates the degree to which uncertainty 
surrounding each variable affects the 
results as a whole. The uncertainty sur¬ 
rounding the probabilities and utili¬ 
ties used in the model reflects the gaps 
in the published literature from which 
we generated the model inputs. We have 
been conservative in modeling, assum¬ 
ing a high degree of uncertainty in the 
distribution parameters and no corre¬ 
lation between events, thereby exag¬ 
gerating the uncertainty in the results. 
The overlapping confidence interv'als 
seen in this analysis are therefore not 
unexpected. However, the ranking of 
strategies and the magnitude of ben¬ 
efit of active surveillance compared with 
other strategies mirror the base-case 
results. The contribution of the proba¬ 
bilistic sensitivity anal>'sis, and of this 
analysis as a whole, lies in the finding 
that despite substantial uncertainty sur¬ 
rounding this clinical question, active 
surs’eillance appears to be a reason¬ 
able alternative to initial treatment. 

To our knowledge, this is the first de¬ 
cision anal>’sis comparing active sur¬ 
veillance with initial treatment for low- 
risk prostate cancer. Previous decision 
analyses haw compared watchful wait¬ 
ing with initial treatment.'*•**■** The 
most recent decision analysis'** used 
probabilities derived from Bill- 
Axelson et al** for the watchful wait¬ 
ing cohort and found that, in contrast 
to our study, initial treatment was as¬ 
sociated with a benefit in QALE for men 
\sith low- and medium-risk disease aged 
70 years when average, patient- 
derived preferences were used. How- 
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ever, as in our study, individual pa¬ 
tient preferences were critical in 
determining the optimal treatment for 
patients with low-risk disease. 

This decision analysis modeled out¬ 
comes only for 65-year-old men; there¬ 
fore, interpretation of these results must 
be limited to this population. Most stud¬ 
ies performed to date in younger men 
have demonstrated disease-specific out¬ 
comes equivalent to older mcn.*^ ** 
However, given the uncertainty sur¬ 
rounding long-term outcomes in men 
followed up with active sun’eillance, 
presenting results including younger 
men would have required extensive 
sensitivity analysis and discussion sur¬ 
rounding this issue. In addition, this 
model does not incorporate comorbidi- 
lies common in older men. Including 
anah'ses of younger or older men would 
have limited the ability to consider the 
importance of utilities in the out¬ 
comes in healthy 63-year-old men. the 
focus of this anal)^^. 

Additional limitations of this study 
reflect those in the literature on which 
model inputs were based. The results 
of randomized studies comparing ac¬ 
tive surveillance with initial treatment 
are expected to emerge over the next 
few years. A more comprehensive cata¬ 
log of prostate cancer health states is 
needed, as is an assessment of the dis¬ 
utility associated with uncertainty 
among men who choose not to be ac¬ 
tively treated.*' In addition, the use of 
adjuvant and salvage radiation therapy 
after radical prostatectomy was not 
modeled. In this low-risk population, 
the use of subsequent radiation therapy 
is relatively rare, and given the magni¬ 
tude of QALE benefit of active surveil¬ 
lance compared with radical prostatec¬ 
tomy, it is unlikely that including a 
small survival benefit from subse¬ 
quent radiation would substantively al¬ 
ter these conclusions.”"** 

The quality-of-life advantage associ¬ 
ated with active surveillance is robust in 
this model of treatment alternatives for 
men with clinically localized, low-risk 
prostate catKer. This benefit reflects the 
deferred and substantially lower inci¬ 
dence of adverse effects of treatment ex¬ 


perienced by men under active surveil¬ 
lance. Active surveillance is associated 
with significant improvements in QALE 
even in anal)’ses in which the probabil¬ 
ity of d>ing of prostate cancer or of de¬ 
veloping progressive disease during ac¬ 
tive surveillance is increased. However, 
the finding that the optimal strategy is 
sensitive to utility weights is evidence 
that the decision whether to pursue ac¬ 
tive surveillance must be individual¬ 
ized. Models that incorporate indi¬ 
vidual patient utilities should be 
developed to assist patients and their 
caregivers to estimate the risks and po¬ 
tential benefits of active surveillaiKe be¬ 
fore making this decision. 

Author Contributioni: Dr Hayes had ful a^ess to all 
of the data in the study and takes responsAMlity for 
the intogrity of the data and the accuraicy of the data 
analysis. 

Studf concept and deagp: Hayes. Ollendorf. Pearson, 
Barry. StaN, McMahon. 

Acquisition of data: Hayes, Ollendorf. Pearson, 
Stewart Bhatnagar. McMahon. 

Anafysrs and mt^pretabon of data: Hayes. Olendorf . 
Pearson. Barry, Kantoff, Stewart. Sweeney. Stahl. 
AAcMahon. 

Drafting of the manuscr^' htayes. Ollendorf. Pearson. 
Barry. Sweertey. Stahl. McMahon. 

Oiticai revision of the manusenpf for impotUni in- 
tef/edua/content Oltendorf, Pearson, Barry. Kantoff. 
Stewart Bhatnagar. Stahl. McMahon. 

Statistical analysis: Hayes. Ollendorf. Pearson, 
AAcAAahon. 

Obtained funding: Hayes. Ollendorf. Pearson. Stahl. 
Administrative, technical, or material support: 
Ollendorf, Pearson. Sweeney. McMahon. 

Study supervtston: Pearson, Barry, Kantoff, Stahl. 
Hnaficial Disclosures: Dr Barry receives salary sup¬ 
port as president of the Fomlation for Informed Mecfe* 
cal Decision Making, a not-for-profit private founda¬ 
tion. The foundation develops content for pabent 
education prograrm. inducing a program on pros¬ 
tate carKer treatment. The four^bon has an anange- 
ment with a for-profit company. Health Dialog, to 
coproduce these programs. The programs are used as 
pad of the decision support and disease manage¬ 
ment servKes Health Dialog provides to consumers 
through health care organizations and employers. 
Funding/Suppoit This work was supported in part by 
grant R25 CA92203-08 from the National Cancer In¬ 
stitute at the NabonaJ Institutes of Health, by grant 
W81XWH-09-t-0512 from the Department of De¬ 
fense. by a Young Irrvesbgators Award to Dr Hayes 
from the Prostate CarKer Fourrdabon. and in part by 
funding to the Institute for Clinical ar>d Economic Re¬ 
view from the Blue Shield of California Fourrdabon. 
Role of the Sponsors: None of the funders had any 
role in the conduct of the study; in the coBeebon. marv 
agerrrent analysis, or irrterpr^tion of the data: or in 
the preparation, review, or approval of the manu- 
schpL 

Previous Presentations: A portion of this work was 
presented in abstract form as a poster at the Ameri¬ 
can Society for Cfnkal Oncology (ASCO) Genrtoun- 
rsary Cancers ^mposwn. March 5*7.2010, San Fran¬ 
cisco. California, and ata moderated poster discussion 
sesaon at the ASCO Annual Meeting, Arne 4-8.2010. 
Chicago. Illinofs. 

Online-Only Material: The eAppendix, eFigures 1 


through 3. arKi eTables 1 through 9 are available on¬ 
line at httpy/www.fama.com. 

Additional Contrirubons: We thank Robert M. Kaplan. 
PhD. Depvtment of Health Services, Uhiversity of Cali¬ 
fornia Los Angeles School of Pubk Health, for his lead¬ 
ership on the profect efdting the majority of the health 
state ublibes and for his help vhth manuscript prepa¬ 
ration (he received rto compensation for his assis* 
tarm). 


REFERENCES 

1. Thompson IM. Goodman PJ.Tangen CM. etal. The 
influence of finasteride on the devetoprrsent of pros¬ 
tate cancer. NEngff Med. 2(»3;349(3) J15-224. 

2. Schroder FH. Hugosson J, Roobol MJ. et al; ERSPC 
Investigators. Screening and prostate<arKer mortal¬ 
ity in a randomized European study. N £ng/ f Med. 
2009:360(13):1320-1328. 

3. Andriole C4., Crawford ED. Grubb RL III. etal; PICO 
Project Team. Mortaity results from a rarfoomized pros¬ 
tate-cancer saeening trial. N Engl J Med. 2(X>9; 
360(13):1310-1319. 

4. Cooperberg MR. Broehng JM. Kantoff PW. Carroll 
PR. Cont^nporary trends in low risk prostate cancer 
risk assessment and treatment. J Urd. 2(X)7;178 
(3 pt 2):S14-S19. 

5. Institute for Clinical arid Ecoriomic Review. IMRT 
final Appraisal—full Report http:/Aivww. leer-review 
.org/index.php/imrt.html. Acceued March 12.2010. 

6. Institute for Cknical and Economic Review. Active 
Surveillance andRadk^^ostatedomy final Appraisal. 
http;//www.icer-review.orgAindex.php/as-rp.html. 
Accessed March 12. 2010. 

7. Institute for Oinical and Economic Review, final 
Appraisal Document Brachytherapy and Proton Beam 
Therapy far Treatment of ChmcaHy Localited, Low- 
Risk Prostate Cancer. http;//www.icer-review.org 
/index.php/bt-pbt.html. A^essed March 12, 2010. 

8. Wel^ HG. Black WC. Overdiagnosts in carKer. 
J NaV Cancer Inst. 2010;102(9);609-613. 

9. Klotz L. Zhang L. Lam A. Nam R. AAamedov A. 
Loblaw A. Oinical results of long-term follow-up of a 
large, active surveilarKe cohort with localized prers* 
tate cancer, yc/rn Oncol. 2010'.28(1);126-131. 

10. Hardie C. Parker C. Norman A. et al. Earty out¬ 
comes of active surveillance for localized prostate 
cancer. BJU Int. 2005:95(7)556-960. 

11. arter HB. Walsh PC. Undis P. Epstein Jl. Ex¬ 
pectant management of nonpalpable prostate can¬ 
cer with ciaabve intent: preliminary results. J Urol. 
2002;167(3):1231-1234. 

12. Roemefing S. Roobol Ml. de Vries SH. et al. Ac¬ 
tive surveillance for prostate carKers detected in three 
subsequent rounds of a screenmg trial; characteris¬ 
tics. PSA doubling times, and outcome. Eur Urol. 2007; 
51(5):1244-1250. 

13. van As NJ. Norman AR. Thomas K. et al. Preebet- 
ing the probability of deferred radical treatment for 
localised prostate cancer managed by active 
surveillance. Eur Urol. 2008;54(6);1297-1305. 

14. TreeAge Pro 2009 Suite [computer program]. 
Version 1.0.2. WHIiamstiMwn, TreeAge Software 
Inc; 2009. 

15. D'AitkoAV. Whittington R.A^kowiczS6, etal. 
Pretreatment nomogram for prostate-specific anti¬ 
gen recurrence after radical prostatectomy or external- 
beam radiation therapy for clinically lo^zed pros¬ 
tate carKer. y C/rn On^. 1999;17(1>:168-172. 

16. Cooperbe^ MR. AAoul JW. Carroll PR. The chang¬ 
ing face of prostate cancer. J Clin Oncol. 2005; 
23(32);8146-8151. 

17. HonArrtzEM.ThamesHD. Kuban DA etal. Defi¬ 
nitions of biochemical failure that best predict cfinical 
failure in patients with prostate cancer tieated with 
external beam radution alone: a multi-institutional 
pooled analysis. J Urol. 2005;173a):797-802 

18. AlbhaSM.NaglieG.N«nR. Trachtenberg J.Kr^ 

lAAAA December I. 2010—Vol 304. No. 21 2379 
Corrected on Apnl 4. 2011 


G2010 American Medical Association. All rights reserved. 


20 




Hayes, Final Report, Year 5: W81XWH-09-1-0512 


SURVEILLANCE VS TREATMENT FOR LOW-RISK PROSTATE CANCER 


MD. Do older men benefit from curative therapy of 
localized prostate cancer? J Clin Oncol. 2003; 
21(17)3318-3327 

19. DaHTra MA Konety BR. Cowan JE. et al. Active 
surveillance for the management of prostate cancer 
in a contemporary cohort. Cancer. 2008:112(12); 
2664-2670. 

20. D’Amico AV. AAanola J, Loffredo AA. Renshaw 
AADelaCroceA Kantoff 6-month arvjrogen sup¬ 
pression plus radiation therapy vs radiation therapy 
alone for patients with cftnicaJly localized prostate can¬ 
cer; a randomized controlled trial. JAMA. 2004; 
292(7):821-827. 

21. Djavan B. Waktert M. Zlotta A et al. Safety and 
morbidty of first and repeat transrectal ultrasound 
guided prostate neerte biopsies: results of a prospec¬ 
tive European prostate caiKcr detection study. J Urol. 
2001;166(3):856-860 

22. Bacon CC.MrtttemanMAKawadiiLGiovannucd 
E. Glasser D6. Rimm EB. Sexual function in men older 
than 50 yean of age; results from the health profes¬ 
sionals follow-up study. Ann Intern Med. 2003; 
139(3);161-168. 

23. Andersson SO, Rashidkhani B. Karlberg L Wolk 
A Johansson iE.PrevalerKe of lower unnary tract symp- 
torm in men aged 45-79 years: a popuUtkm-bas^ 
study of 40000 Swedish men. BJU Int. 2004;94 
(3)327-331. 

24. Bill-Axelson A Holmbe^ L, Rl^ F. et al; Scan¬ 
dinavian Prostate CarKer Group Study No. 4. Radcal 
prostatectomy vs watchful waiting in localized pros¬ 
tate carKer; the Scartdinavian prostate canor group-4 
randomized trial. J Nall Cancer Inst. 2008:100 
(1«:1144-1154. 

25. Arias E. United SUtes life tables. 2006. Naff Vi¬ 
tal SUt Rep. 2010;58(21);1-40. 

26. Nabonal Cancer Institute Cancer Therapy Evalu¬ 
ation Program. Common TouicitY Criteria. April 30. 
1999. http://ctep.carKer.gov/prDtocoldevelopment 
/elect ronic_applKations/docs/ctcv20_4'30-992 
.pdf. Ac^sed March 12, 2010. 

27. Radiation Therapy Oncolo^ Ooup. Acute ra¬ 
diation rrtortMdity scoring criteria, http://www.rtog 
org/members/toxicily/acute.html. Aaessed March 
12 , 2010 . 

28. BrenrserDJ.CurtisRE. Hall EJ. Ron E.Secofsd ma¬ 
lignancies in prostate carcinoma patients after radio¬ 
therapy compared with surgery. Cancer. 2(X)0; 
88(2)398-406 

29. Bosliom PJ, Soloway MS. Secortdary carKer af¬ 
ter radiotherapy for prostate cancer shoiid we be rr>ore 
aware of the risk? Ear Urol. 2007;52(4):973.982. 

30. Schneider U. Lorriax A Pemler P, et al. The im¬ 
pact of IMRT arKf proton radiotherapy on secondary 
cancer incidence. Sirahlenther Onkol. 2006;182 
(11);647-652. 

31. Schneider U. Lomax A Timmermann B. Second 
cancers In children treated with modem radio¬ 
therapy techniques. Radiother Oncol. 2008;89 
(2);135-140. 

32. Kry SF. Saletpour M. Follow* DS. et al. The cal¬ 
culated risk of fatal secondary malignancies from in- 
tensity-modulated radiation therapy, /nf J Radiat On- 
cof fifof Phys. 2005;62(4);1195-1203. 

33. Abdel-Wahab M R^ IM. Hamiton K. Second 
primary canor after radiotherapy for prostate can¬ 


cer—a SEER arulysis of brachylherapy vs external beam 
radiotherapy. Int J Radiat Oncxri Biol Phys. 2008; 
72(1);58-6B. 

34. Chung CS,YockT,Tarb<IN. Comparative arialy- 
sis of second malignaiKy risk in patients treated with 
proton therapy vs convenborul photon therapy. Pre¬ 
sented at American Society for Therapeutic Radiol¬ 
ogy and Oncology 50(h Annual Meeting; September 
21-25,2008; Boston, MA 

35. D'Amico AV, Chen MH. Renshaw AA. Loffredo 
M Karrtoff IW. Interval to testosterone recovery af¬ 
ter hormoiul therapy for prostate cancer ar>d risk of 
death. Int J Radiat Oncol Biol Phys. 2009;75(1): 
10-15. 

36. Dale W, Basu A Bstein A. Meltzer D. Prediding 
utility ratmgs for joint health states from single health 
state in prosUte carKer. empirical testing of 3 after- 
rsative theories. Med Deds AAakmg. 2006;28(1): 
102 - 112 . 

37. Stewart ST, Lenert L Bhatnagar V. Kaplan RM. 
Utilities for pro^te carKer heafth state in men aged 
60 and older. Med Care. 2005;43(4);347-355. 

38. Sullivan PW. Ghushchyan V. Preference-Based 
EQ-5D index scores for chronic corxttions in the United 
State. Med Deers Making. 2006;26(4);410-420. 

39. van den Bergh RC, Vasarainen H, van der Poel 
HG, et *. Short-term outcomes of the prospective mul¬ 
ticentre “Prostate CarKer Research Iritemabonal: Ac¬ 
tive Surveillance“ study. BJU Int. 2010;105(7); 
956-962. 

40. Barocas DA Cowan JE, Smith JA Jr, Carrol PR; 
CaPSURE Investigators. What percentage of patients 
with newly diagnosed cardnoma of the prostate are 
candidate for survelarKe? an ana)y» of the CaPSURE 
database. J Urol. 2008;180(4};1330-1334. 

41. Cooperberg MR. Broering JM, Carroll PR. Time 
trends and local variation in primary treatment of lo¬ 
calized prostate cancer. J Clin Oncol. 2010:28 
(7):1117.1123. 

42. Jang TL, Yossepowitch O, BiarKO FJ Jr, Scantrxi 
PT. Low risk prostate carKer in men under age 65; the 
case for definitive treatment. Urol Oncol. 2007; 
25(6);510-514. 

43. Pkkies T, Ruether JD, Weir L Carlson L Jakuf F; 
SCRN Communication Team. Psychosocial baniers to 
active surveillance for the management of early pros¬ 
tate cancer and a sbategy for increased accept^e. 
BJU Int. 2007;100(3):544-551. 

44. Birnet KL. Parker C, Deamaley D, Brewwi CR. 
Watson M. Does active surveillance for men with lo¬ 
calized prostate carKer carry psychological morbidity? 
BJU M. 2007;100(3);540-543. 

45. Litwin MS. Lubeck DP. Spitalny GM, Henning JM. 
CarroN PR Mental health in men treated for early stage 
prostate carcinoma: a posttreatmeni longtudinal qual¬ 
ity of life analysis from the CarKer of the Prostate Stra¬ 
tegic Urofogk Research Endeavor. Cancer. 2002; 
95(1);54-60. 

46. Steineck G. Helgesen F. Adoffsson J. et al; Scan- 
(finavian Prostatk OrKer Croup Study No. 4. Qual¬ 
ity of ffe after radical prostatectomy or watchful 
waiteg. N£ng/f Med. 2002;347(11);790-796. 

47. van den Bergh RC Essink-Bot ML. Roobol MJ, et M. 
Anxiety and distress during active surveillance for 
early prostate carKer. Cancer. 2009;115<17);3868- 
3878. 


48. Sommen BO, Beard O. D'Amico AV. et al. De¬ 
cision analysis using mdivKlual patient prefererKes to 
determine optimal treatment for localized prostate 
cancer. Cancer. 2007;110(10);2210-2217. 

49. Fleming C. Wasson IH, Albertsen PC, Bany MJ, 
Wennberg JE: Prostate Patient Outcomes Research 
Team. A decision analysis of alternative treatment strat¬ 
egies for deecaly localized prostate cancer. JAMA. 
1993;269a(>);2650-2658. 

50. KattanMW.CowenME.MilesBI.Adedsfonarsaly- 
sis for treatment of dmically locaized prostate cancer. 
J Cen Intern AAed. 1997;12(5);299-305. 

51. Beck JR Kattan MW, Miles BJ. A critique of the 
decision analysis for cfncally localized prostate cancer. 
J Urol. 1994:152(5 pt 2):1894-1899 

52. Bhatnagar V, Stewart ST, Bonney WW. Kaplan 
RM. Treatment options for localized prostate cancer 
quaftty-a(4usted ffe years and the effects of lead-time. 
Uroiogy. 2004;63(1);103-1()9. 

53. B*-Axe(son A Holmberg L, Ruutu M, et al; Scan - 
dinawan Prostate Cancer Croup Study No. 4. RadcaJ 
prostatectomy versus watchful waiting in early pros¬ 
tate cancer. N Engl J Med. 2(X)5;352(19);1977. 
1964. 

54. Magheli A Rais-BahramiS, Humphreys EB. Peck 
HJ, Trock BJ. Gorualgo ML. Impact of patient age on 
biochemical recurrence rates following radical 
prostatectomy. J Urol. 2007;178(5):1933-1937. 

55. Nguyen lb. Poortmans PM. van der HiftstM.etal. 
The aeative role of radiotherapy in adenocarcinoma 
of the prostate in patients un^r 55 years of age: a 
rare carKer network retrospective study. Radiother 
Oncol. 2005;77(3):286-289. 

56. Rosser C. Kamat AM. Wang X. et aJ. Biochemi¬ 
cal dsease-free survival in men younger than 60 ye^ 
with prostate cancer treated with radical prostatectomy. 
Urology. 2006;67(4):769-773. 

57. Rosa O Jr, Slater JD, Yonemoto LT. et al. Influ- 
erKe of patient age on biochemical freedom from ds- 
ease in pabents undergoing conformal proton radio¬ 
therapy of organ-confined prostate cancer. Uredogy. 
2(K>4;64(4);729-732. 

58. Shapiro EY. Rais-Bahrami S. Morgenstem C. 
NapolitarK) 6. Rkhstone L. Potters L Long-term out¬ 
comes in younger men following permanent 
prostate brachytherapy. J Urol. 2009;181(4);1665' 
1671. 

59. Griffin CR Yu X. Loeb S, et al. Pathok^ical fea¬ 
tures after radical prostatectomy in potent!^ carxii- 
dates for active rr>onrtoring. J Urol. 2007;178(3 pt 1): 
860-863 

60. GrossfekJ GD. Ofumi AF. Connolly JA. et al. Lo¬ 
cally recurrent prostate tumors following either 
radiation therapy or radical prostatectomy have 
changes in Ki-67 labeling index. p53 and bcl-2 
immunoreactivvty.; Urof. 1998;159(5);1437-1443. 

61. Louie-Johnsun M. Neill M. Treumicht K. 
Jarmulowicz M. Eden C. Final outcomes of patients 
with low-risk prostate carKer suitable for active sur¬ 
veillance but treated surgically. BJU Int. 2(X)9; 
104(10);1501-1504. 

62. Lu-Yao GL Potosky AL Abertsen PC Wasson 
JH. Barry Ml. Wennberg JE. Follow-up prostate c^- 
cer treatments after radical prostatectomy: a 
population-based study. J NaiJ Cancer Inst. 1996; 
88(3-4);166-173. 


21 



Hayes, Final Report, Year 5: W81XWH-09-1-0512 


Annals of Internal Medicine 


Original Research 


Observation Versus Initial Treatment for Men With Localized, Low-Risk 
Prostate Cancer 

A Cost-Effectiveness Analysis 

Julia H. Hayes, MD; Daniel A. Ollendorf, MPH; Steven D. Pearson. MD, MSc Michael J. Bany, MO: Philip W. Kantoff, MD; Pablo A. Lee, BS: 
and Pamela M. McMahon, PhD 


Background: Observatian is underutilized among men with local¬ 
ized, low-risk prostate carKer. 

Objective: To assess the costs and benefits of observation versus 
initial treatment 

Design: Decision analysis simulating treatment or observation. 

Data Sources: Medkare schedules, published literature. 

Target Population: Men aged 65 and 75 years who had newly 
diagrsosed low-risk prostate cancer (prostate-specific antigen level 
<10 (ig/L, stage s.T2a, Gleason score s3 -r 3). 

Time Horizon: Lifetime. 

Perspective: Societal. 

Intervention: Treatment (brachytherapy, intensity-rrK>dulated raci- 
ation therapy, or radical prostatectomy) or observation (active sur- 
veiNarKe [A^ or watchful waiting [WW]). 

Outcome Measures: Quality-adjusted Bfe expectancy and costs. 

Results of Base-Case Analysis: Observation was rtrare effective 
arxl less costly than initial treatment Corrrpared with AS, WW 
provided 2 aciditional months of quality-adjusted life expectancy 
(9.02 vs. 8.85 years) at a savings of $15 374 ($24 520 vs. $39 894) 
in men aged 65 years and 2 aciditional months (6.14 vs. 5.98 years) 


at a savings of $11 746 ($18 302 vs. $30048) in men aged 75 
years. Bra^ytherapy was the most effective and least expensive 
initial treatment 

Results of Sensitivity Analysis: Treatment became more effective 
than observation when it led to more dramatic reductions in pros¬ 
tate cancer death (hazard ratio, 0.47 vs. WW and 0.64 vs. AS). 
Active surveilarKe became as effective as WW in men aged 65 
years when the probability of progressing to treatment on AS 
decreased below 63% or when the quafity of ife with AS versus 
WW was 4% higher in men aged 65 years or 1% higher in men 
aged 75 years. Watchful waiting remained least expensive in all 
analyses. 

Limitation: Results depend on outcomes reported in the published 
literature, wNch Is limited. 

Conclusion: Artxmg these men, observation is more effective and 
costs less than initial beatment, and WW is most effective and least 
expensive urxJer a wide range of clinical scenarios. 

Primary Funding Source: Naticxial CarKer Institute. U.S. Depart¬ 
ment of Defense, Prostate CarKer Foundation, and Institute for 
Clinicai and Ecommic Review. 

Aim Mem Med. 2013:158:853-860 
For auttior affilatiofis. see end of text 


T he optimal management of men with low-risk, clini¬ 
cally localized prostate cancer is controversial. In the 
prostate-specific antigen (PSA) era. up to 70% of these 
men have low-risk disease (PSA lesxl <10 /ag/L. stage 
^T2a, Gleason score ^3 + 3) and less than 6% risk for 
prosute canccr-specific death at 15 sxars (1-4). More 
than 90% of these men are treated with radical prcHtatec- 
tomv (RP). external beam radiation, or brachytherapy (BT) 
(5). l>ut as many as 60% may not have required therapy in 
their lives (6). Most men who undergo treatment have at 
least 1 long-term adverse effect (7-9). 

The cost of unnecessary treatment is not limited to 
adverse effeas. In 2000. diagnosis and treatment was esti¬ 
mated to cost $1.3 billion in the United States, an increase 
of 30% since 1994 (10). A recent analysis estimated that 
the cost of diagnosis and treatment is slightly more than $5 
million to prevent 1 prostate cancer death (11). 

Observation is an alternative to treatment for men 
with localized, low-risk disease and takes the form of aaive 
surveillance (AS) and watchful waiting (WW). 'X^ith AS, 
men arc followed closely—typically with serial PSA tests, 
digital rectal examinations, and biopsies—and treated with 
curative intent if the disease progresses. In the most mature 


series, 30% of men were ulcitTUtcly treated, and prostate 
cancer-specific survival was 97.2% at 10 years (12). 

With W. men ate observed without monitoring and 
given palliative treatment when the disease becomes symp¬ 
tomatic. Traditionally, this approach has been reserved for 
men expected to die with, not of, prostate cancer, usually 
because of advanced age or comorbid conditions. How¬ 
ever, in subgroup analyses of PIVOT (Prostate Cancer In¬ 
tervention Versus Observation Trial), which followed 731 
men (median age, 67 years) who had been randomly as¬ 
signed to RP or for a median of 10 yxars (13). men 
with low-risk prostate cancer derived no bcncfic from RP 
compared with in all-cause mortality (hazard ratio 
[HR], 1.15 [95% Cl, 0.80 to 1.66)) or prostate cancer- 
specific mot^ity (HR, 1.48 (Cl, 0.42 to 5.24|). The 

See also: 
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Context _ 

Most men with localized, low-risk prostate cancer are 
treated soon after diagnosis. 

Contribution _ 

This analysis used recent trial data to show that observa¬ 
tion slightly Improves quality-adjusted life expectancy and 
is less expensive than treatment after diagnosis for men 
aged 65 and 75 years with localized prostate cancer. 
Treatment would have to be markedly more effective than 
current data suggest for the conclusion to be overturned. 

Caution _ 

The model was based on many assumptions given the 
scarcity of data for outcomes with treatment and 
observation. 

Implication 

Compared with treatment after diagnosis, observation is 
cost-effective for men aged 65 to 75 years under a wide 
range of clinical scenarios. 

—The Editors 

PRoTECT (Prostate Testing for Cancer and Treatment) 
trial (14), compring active monitoring. RP, and radiother¬ 
apy. will also yield useful information about the relative 
benefits of observation with monitoring but will not close 
enrollment until 2015. 

We recendy did a decision anal)’sis su^esting that 
quality-adjusted life expectancy (QALE) improves with AS 
compared with initial treatment (15). and presious cost 
analyses have suggested that observation is less expensive 
than initial treatment (16. 17) but did not formally 
estimate cost-effertiveness. Therefore, we did a cost- 
eflcctiveness analysis of AS and WW compared with initial 
treatment of low-risk, dinically localized prostate cancer in 
men aged 65 and 75 years. 

Methods 

We developed a state transition model using TreeAge 
Pro software (TreeAge Software. Williamstown. Massachu¬ 
setts) and did a Monte Carlo simulation to estimate the 
costs and health benefits for men with low-risk, clinically 
localized prostate cancer treated with intensity-modulated 
radiation therapy (IMRT). BT, open RP (in men aged 65 
years only, robotic prostatectomy was not modeled), AS, or 
WW (Supplement 1, available at www.annals.org). Health 
benefits were described in months or years of QALE (15). 
Costs were derived from Medicare reimbursements and 
average wages for age-matched men. Men were aged 65 or 
75 years on model entry, and they exited at death. Costs 
and health benefits were discounted at 3% annually. We 
used a societal perspective, in accordance with the Panel on 
Cost'Effeaiveness in Health and Medicine (18). 
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Treatment Strategies 

The AS strategy comprised PSA tests every 3 months, 
digital rectal examinations every 6 months, and biopsies at 
1 year and every 3 years thereafter (12). Men who pro¬ 
gressed to more a^ressive disease (Gleason histology score 
of 7 on repeated biopsy, clinical or biochemical progres¬ 
sion) or seleCTed treatment received IMRT; in the base 
case, BT and RP were not modeled in men treated with 
AS. Ten percent of men who developed a Gleason score of 
7 had ‘unfavorable risk" disease and received 6 months of 
androgen-deprivation therap)'with IMRT (19). 

Tne WW strateg)' reproduced the PIVOT experience. 
Men were followed with visits and PSA tests every 6 
months and bone scans every 5 years, and 20.4% of men 
were treated over 10 years (49% with RP. 39% with 
IMRT. and 12% with BT) (13). 

Model Inputs 

Model inputs were generated from a systematic review 
updated through June 2012 and from PIVOT; probabili¬ 
ties were estimated using random-effeas meta-analysis (13. 
15) (Table 1, Appendix 1, Appendix Table 1, and Appen¬ 
dix Figure 1, available at www.annals.org). The modefwas 
calibrated to ensure that its performance was consistent 
with assumptions. Internal validation was done to ensure 
that model outputs were consistent with model inputs; ex¬ 
ternal validation demonstrated that model outputs were 
consistent with outcomes reported in the literature (Ap¬ 
pendix 1). 

All men treated initially were assumed to have the HR 
point estimate of 1.48 reported in PIVOT for prostate 
cancer-specific death compared with WW (13). We as¬ 
sumed as a base case that AS would provide 25% addi¬ 
tional benefit compared with WW in preventing prostate 
cancer-specific death and used an HR for prostate cancer- 
specific death for treatment compared with AS of 1.85. We 
changed 2 probabilities from the previous decision analysis 
to reflect the publication of updated results of AS cohorts 
(12, 22, 23, 25-28): The annual probability of Gleason 
progression on AS decreased to 2.3% from 2.7%, and the 
annual probability of developing other signs of disease pro¬ 
gression increased to 5.2% from 2.7% (liable I) (15). 

We classified adverse effects of treatment as short-term 
(occurring and resolving within 90 da)’s) and long-term 
(occurring or persisting at least 90 days after treatment and 
persisting for life) (Tables 1 to 3 an^ Appendix Table 1). 


Utiiities 

Utilities for health states were elicited using a time- 
tradeoff method from men without prostate cancer (range, 
0 [deceased] to 1 [perfixt health]) (15). For men in more 
than I health state simultaneously (for example, on AS 
with urinary' obstructive symptoms), we multiplied utilities 
(Table 2 and Appendix Table 1). 

«MrjiiiiaK.or| 
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Tutu 1. Model Inputs for Key Probabilities* * 

Annual Diseasa-Related Probabilities 

Base-Case Estimate (SD)t 

Range Used in 
Sensitivity Analysis 

Low-risk prostata cancer 



Biochemicaf recurrance after treatmer^t (7-9) 

0.01 (year 1; Hebme risk, 0.45) 

Not varied 

Progresskm from biochemical racunenca to matastabc dtsaasa (20) 

0.06 

Not varied 

Death from prostate carKer after development of metastabc dtsaase (21) 


Not varied 

AS 

Progressng to Gleason scora of 7 (12. 22. 23. 24) 

0.023 (0.006) 

0.012-0.046 

Other progression (PSA test DRE) (12. 22. 23. 25-28) 

0 062 (0.013) 

0026-0.104 

Becting to have treatment 

0.018 (0.006) 

0.009-0.036 

Development of metastatic disease before treatment 

0.00003t 

Not varied 


WW 

Progression to treatment (13) 0.02(0.006) 0.01-0.04 

Intermediate-risk prostate cancer (Gleason score %7) 

Biochemical recurrence after treatment (19) 0.01 (year ^ : kfebme risk, O.BO) Not varied 

Progression from biochemical recurrence to metastatic disease (20) 0.06 Not varied 


AS * jcmv uifveilUncc: DRE ~ rectal examination: PSA ~ prottate-^wcific amigen: WV' * watchful waiting. 

* Ffw limber details, kc Appendn Table 1 (available at wwwunnals.org|. 

t Where SDs are prm*idea. the parameter was varied (range. 0-1) in prohahtliadc wnsitivinr anaKsis using a ^-distribution function in TrecAge Pro porametcriard with 
approaunaiiom oTa and k (range. 0-1) based on the mean and SD using formulas in Appendix Eigurc 1 (available at www.annals.orgl. 
t Uniform dmribution used in prababilixiic sensiavitv anahnn. 


Costs 

Wc input costs in 2012 U.S. dollars for initial treat¬ 
ment of prostate cancer, ongoing treatment of creaile dys¬ 
function and urinary obstructive symptoms existing before 
treatment, surveillance, treatment of short- and long-term 
adverse effects, and patient time costs (Table 3, Appendix 
1, and Supplement 2, available at www.annals.or^ (31). 
Wc included inpatient and outpatient dirca and indirect 
medical costs derived from the Centers for Medicare & 
Medicaid Services Hospital Outpatient Prospcaivc Pay¬ 
ment System (32). Wc valued patient time at SI65 per 
day, assuming an 8-hour workday at the 2012 U.S. median 
wage, for men 65 years or older (33). 

Sensitivity, Alternative, and Threshold Analyses 

Wc did I'Way sensitivity anal)'scs on kc)- parameters, 
including the PlVOT-bascd HRs for prostate canccr- 
spccific death (13) (Appendix Table 2, available at viww 
.annals.org); the probability of progressing to treatment on 
WW and AS (Appendix Table 3. available at www.annals 
.org): the probabilit)' of progressing to the PIVOT distri¬ 
bution of treatments (RP, IMRT, or BT) among men re¬ 
ceiving AS (Appendix Table 4, available at www.annals 
.org); the utility of being on observation; and treatment, 
surveillance, and patient time costs and discounting rates 
(Appendix Tables 5 to 9, available at www.annal 5 .org). In 
threshold anal)'scs. wc identified parameter values at which 
strateg)’ rankings changed (Table 4). In probabilbtic sen¬ 
sitivity analyses (those done simultaneously on all model 
parameters [probabilities, costs, and utilities] to quantify 
the cumulative effect of unccruinty on the results), wc 
simulated 100 000 individuals for each of 500 samples 
drawn from independent distributions representing the un- 

—»iMih.ws 


certainty surrounding estimates of probabilities, utilities, 
and costs for each strategy' (Appendix 2, Appendix Figures 
2 and 3. and Appendix Table 10. available at www.annals 
.org). 

Role of the Funding Source 

This study was funded by the National Cancer Insti¬ 
tute, U.S. Department of Defense, Prostate Cancer Foun¬ 
dation, and the Institute of Clinical and Economic Res-iew. 
The funding source had no role in the condua of the 
study; collection, management, analysis, or interpreution 
of the data; or preparation, review, or approval of the 
manuscript. 

Results 

In this model comparing observation using WW or AS 
with initial treatment, the lifetime risk for death from 


TM 2. Model Inputs for Key Utilities 

• 


Health State 

Utility (SD)t 


Prostate carKer 

AS (15. 29) 

0.83 (0.24) 

0.42-1 

WW(29) 

0.83 (0.24) 

0.42-1 

Biochemical recurrence (29) 

0 68(0.26) 

Not varied 

MetirUtk uncer (29) 

0.12 (0.18) 

Not varied 

After treatment without side effects (30) 

0.80(0.24) 

0.4-1 


AS — active curvetlUncr. WNE' ~ watchfol waiting. 

* Foe further detaih. tee Appendix Table 1 (arailable at www.annah.or|^. 
t Where SDi an provided, me puraRieter was varied (ranpe. 0-1) in prooabilisne 
tcntiiivitr anahxis uxiim a ^'dtstribuiioa function in TreeApr Pro porameteriard 
with approximaiiotu of 4* and k (ranpe, O-I) based on the mean and SD using the 
formulas in Appendix Figure 1 (available at www.annals.ofg). 

IB June 2013| Aouh of Internal Medicine |Votttiar 1S8 * Number 12 j 055 


24 








Hayes, Final Report, Year 5: W81XWH-09-1-0512 


Original RkSKARCH I ObscrvjckMifbr Low-Risk ProetitcCanocr 


TthU JL Model Inputs for Key Costs* 

Costs 

Base-Case 
Estimate. 5 

Direct costst 

Survolance costs 


Physician visit with PSA test 

140 

■ncremental cost of biopsy with prophylacbc antibiotics 

688 

PSA test ortfy 

29 

Bone scan 

Proce<kjre costs 

320 

RPtopen) 

11896 

IMRT 

23 817 

BT 

11511 

ADT 

Short-term adverse effeeb and compfecations 

9090 

Mmor complications of RP 

8259 

Major compfecaboTK of RP 

19687 

Septicemia after biopey 

13 355 

Urinary symptoms of treatment 

221 

Acute urinary retentisn (BT) 

210 

Bowel symptoms of treatment 

1306 

Urethral stricture (RP) 

587 

Long-term adverse effects and symptoms 

Inconhnence (indudeig 1 -time costs) 

698 

Incontinence (recurrent costs) 

503 

Bovrel effects (including 1-time costs) 

1557 

Bowel effects (recurrent costs) 

26 

Erectile dysfunction Ondudinx 1-bme ants) 

393 

Erectile dysfunction (recurrent costs) 

154 

Undertyirig urinary obstruction 

968 

Underlying ereette dysfunction 

366 

Patient time costs 

Daily patient wage 

SurveAance costs 

165 

PSA test or provider visits 

83 

Visrt with TRUS-guKted biopsy 

165 

Bone scan 

83 

Procedure costs 

RP(open) 

445 

BT 

825 

IMRT 

1857 

ADT 

165 

Short-term adverse effects and compfecations 

Mmor compiicabons of RP 

592 

Major compfccabom of RP 

1564 

Septicemia after biopsy 

938 

Urinary symptiym 

115 

Acute unnary retention (BT) 

152 

Bowel symptoms 

1975 

Urethral st^ure (RP) 

Long-term adverse effects and symptoms 

165 

Incontinence (vKlucing 1-time costs) 

386 

Incontirwnce (recurrent costs) 

83 

Bowel effects (irKiuding 1-time costs) 

2434 

Bowel effects (recurrerrt costs) 

140 

Erectile dysfunction Cnduding l-bme costs) 

182 

Erectile dysfunction (recurrent costs) 

83 

Undertyirig urinary obstruction 

667 

Undertywig erectile dysfunction 

83 


AOT ~ acidro^n'(lc]virjtKMi tfaenpy^ BT ~ brJcIirtIien{>T: IMRT ~ imcfuitv 
moAiUtcd raducmn merjpr. PSA ~ pnmjce-^yccific antigen: RP ~ radical pctM- 
tatrctorar: TRL*S * oamtvcul ulttaiooa^apliv- 

* For lunber drtaik, vr Appendix Table 1 Available at www.aniuls.orgl. 
t For sourcn of coeix. tec the Mecbodi section and AppencKx 1 <avadable at 
www.annalt.otg). 
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prostate cancer was 4.8% for men on AS, 6.0% (or men on 
WW, and 8.9% for men treated Initially (Table 5). Life 
expecuncy was similar among the strategies: 81.6 years (or 
men on AS, 81.4 years for men on WW, and 81.2 yean for 
men treated initially. Among men aged 65 years, 78% on 
AS were treated over their liletimes compared with .54% on 
WW, at a median of 6.8 and 12.4 years after diagnosis, 
respectively. Among men aged 75 years, 61% on AS and 
23% on VC^W were treated a median of 5.4 and 8.4 years 
after diagnosis, respectively. 

Among all strategies in men aged 65 years, WW of¬ 
fered the most QALE at the lowest cost (Table 5) and was 
cost-saving compared with AS, providing 2 additional 
months of QALE (or $15 374 less. Both observational 
strategies were more effective than initial treatment, but AS 
was mote expensive than BT (by $4520) and RP (by 
$1714). Brachytherapy was the most effective therapy at 
8.14 years of QALE but cost an additional $10 854 com¬ 
pared with WW. Intensity-modulated radiation therapy 
was similar to BT in effect but, at $48 699, was the most 
expensive strategy. Quality-adjusted life expectancy' was 
poorest with RP (7.95 years). 

Estimates were qualitatively similar in men aged 75 
years. Watchful waiting was most effeaive and least expen¬ 
sive, providing 6.08 years of QALE at a cost of $18 302. 
Active surveillance provided 2 fewer months of QALE but 
cost an additional $ 11 746 compared with WW. Brachy- 
therapy was ^;ain the most effective and least expensive 
initial treatment (less expensive than AS by $1238). 
Intensity-modulated radiation therapy was the least effec¬ 
tive and most expensive strategy. 

For all but WW, the largest cost was treatment of 
prostate cancer (including the average cost of the procedure 
and patient time costs) (Appendix Table 11, available at 
www.annals.org). For men aged 65 years, RP was least 
expensive ($12 199) and IMRT was most expensive 
($25 569). The cost of treatment for men in the AS cohort 
overall (with IMRT) was $15 688. On WW, the greatest 
costs were associated with treating underlying ereaile dys¬ 
function and urinary sy'mptoms. The cost of surveillance of 
men diagnosed with prostate cancer (before and after treat¬ 
ment) was highest in those on AS for men aged 65 and 75 
years. 

Sensitivity Analysis of Disease-Related Parameters 

When we changed the HR for prostate cancer-specific 
death to the lower confidence bound of the PIVOT point 
estimate for the comparison of treatment and observation, 
the scenario least favorable to observation, both WW and 
AS became less effeaive than any initial treatment in men 
aged 65 years; ^'W remained least expensive (Appendix 
Table 2). The HR for prostate cancer-specific death at 
which the QALE with observation was equal to the most 
effeaive treatment, BT, was 0.47 for WW and 0.64 for 
AS, meaning that treatment would have to be 53% better 
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than WW and 36% bener than AS to overcome the QALE 
advantage of observation. 

Results were qualitatively similar in men aged 75 
years. Watchful waiting was less effective than AS under 
the base case (5.76 vs. 5.98 yean of QALE) when the HR 
for prostate cancer-specific death for treatment compared 
with WW was reduced to the lower confidence bound, but 
it remained less expensive. Active surveillance was less ef- 
feaive than WW with the same change (5.57 v. 5.76 yean 
of QALE), and the rankings of costs did not change. The 
HR for prostate cancer-specific death at which QALE on 
WW was equal to Initial treatment was 0.31 in men aged 
75 yean; for AS, it was 0.42. 

When the HR for prostate cancer-specific death for 
treatment venus AS was doubled from baseline (HR for 
treatment of 3-7 relative to AS), AS remained less effeaive 
than WW and the ranking of costs did not change (Ap¬ 
pendix Table 2). The HR for prostate cancer-spccihc 
death for treatment venus AS would have to be 7.71 in 
men aged 65 years and 4.3 in men aged 75 years for AS to 
be equal to WW (Table 4). 

Active surveillance became favored over WW if the 
probability of basing treatment on AS decreased below 
63% in men aged 65 years and 42% in men aged 75 years 
(Table 4 and Appendix Table 3). If the probability of 
having treatment on AS or WW doubled, the rankings did 
not change. In an analysis in which men having AS pro¬ 
gressed to a distribution of RP, IMRT, and BT identic^ to 
that in PIVOT, the QALE did not change substantially. 
Active surveillance remained more expensive than WW by 
$10 500 in men aged 65 years and $7900 in men aged 75 
yean, but it became less expensisx than BT by $289 in 
men aged 65 years and $2633 In men aged 75 years. 

Sensitivity Anelysis of Utility of Being on Observttlon 

In men aged 65 yean, the QALE of AS and WW 
became equal when the utility of being on AS increased 
from 0.83 to 0.87. In men aged 75 yean, the QALE of AS 


Table 4. Threshold Analyses of Scenarios in Which the 
QALf of AS Is Equal to or Better Than That of WW* 


Model Parameter 

AS Base 
a$e 

Threshold Value at 
Which AS QAU Is 
Equal to or Better 
Than WW QALE 

Men aged 65 y 



HR for prostate carKer>specific death 
for treatment vs. AS 

Lifetime probabity of being treated 
on AS. % 

1.85 

78 

27.71 

^63 

Utility of AS at which AS s favored 
overWW 

083 

20.87 

Men aged 75 y 

HR for prostate cancer-specific death 
for treatment vs. AS 

1.85 

24.30 

Lifetime probaNHy of bemg treated 
on AS. % 

61 

-42 

Ubiity of AS at which AS is favored 
overWW 

0.83 

20.84 


AS * jctive survcilbnce: HR ~ lutanl niio; QALE * <]ualirv-«liuR«l life es* 
pectapcv: W' ~ watdiiul wairnig;. 

WW Rciuiiu Icm expetiave tluo AS umlcr ererv te»onji4c K»uho modelefl. 


and WW became equal when the utility of being on ob¬ 
servation increased from 0,83 to 0.84 (Table 4). 

Sensitivity Analyses of Costs 

In all analyses varving costs, WW remained least ex¬ 
pensive (Appendix Tables 5 to 8). For AS to be equal to 
WW in cost, we had to set the cost of treatment equal to 
that of BT, the least expensive treatment; reduce cosn of 
surveillance and treating shon- and long-term adverse cf- 
fcen of treatment by 50%; and decrease the probability of 
being treated by 40%. 

Probabilistic Sensitivity Analysis 

The ranking of strategics and magnitude of effect dif¬ 
ference between strategics was unaltered in probabilistic 
sensitivity analyses that incorporated uncertainty in esti- 


Table X Base-Case Average Lifetime Costs and QALE for Men Aged 6S and 75 Years 


Strategy 

Men aged 65 y 

Cost S 

Incremental 

Costs 

QALE.y 

Incremental 

QALE.y 

Men Treated. 

% 

Died of Prostate 
Cancer, % 

WW 

24 520 

- 

9.02 

- 

34 

6.0 

BT 

35 374 

10854 

8.14 

-088 

100 

8.9 

RP 

38180 

13660 

7.95 

-1.07 

100 

8.9 

AS 

39 894 

15 374 

8.85 

-0.17 

78 

4.8 

IMRT 

48 699 

24179 

8.10 

-0.92 

100 

8.9 

Men aged 75 y* 

WW 

18 302 

- 

6.14 

- 

23 

2.6 

BT 

28 810 

10508 

5.56 

-0.58 

100 

3.9 

AS 

30 048 

11 746 

5.96 

-0.16 

61 

2.1 

IMRT 

42 286 

23 984 

5.52 

-0.62 

100 

3.9 

AS * aciivv furwil«nce: BT ~ brachinbefapv: IMRT * intensitr 
WW ~ witchlul watiiig. 

* RP nor tsodclrd in men ajged 75 y. 

-modulMcd radi^ion therjpr: QALE ~ qualitv-adiusted life expnxancr* RT ~ 

radical proaaiectocnv: 


•ori 
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mates for men ^ed 65 and 75 years (Appendix Figures 2 
and 3 and Appendix Table 10). Howes’er, overlapping CIs 
surrounding both costs and QALE reflect the collcaive un- 
cenainty surrounding all of the model inputs (Appendix 2). 

Discussion 

Mounting evidence suggests that many men with lo¬ 
calized. low-risk prostate cancer are treated unnecessarily at 
substantial personal and societal cost. In this study, we 
demonstrated that both WW and AS are associated with 
improved QALE compared with initial treatment and that 
WW is cost-saving compared with any other strategy in 
men aged 65 and 75 years at diagnosis. Watchful waiting 
was more effective than AS or initial treatment in all but 3 
scenarios modeled (Table 4) and remained less expensive 
in every 1-way sensitivity analysis conducted. 

The QALE advantage of WW was lost if treatment 
became associated with substantial improvements in pros- 
ute cancer-specific death. Because of variability in patient 
selection, surveillance protocols, and the deanh of dau in 
the WW literature after PSA screening, we based our WW 
simulation on PIVOT (13. 34), the first randomized trial 
comparing observation with initial treatment in a screened 
population. In the base case, we assumed that the HR for 
prostate cancer-specific death for treatment versus WW 
was the point estimate reported in the low-risk subset of 
PIVOT. No trials have compared AS with WW: Given its 
emphasis on intervention and curative treatment, we as¬ 
sumed that AS would perform 25% better in preventing 
prosute cancer-specific death than WW and then varied 
this HR over a wide range. For treatment to yield a higher 
QALE, it would have to provide a survival benefit at least 
50% better than WW and 36% better than AS. 

The QALE advantage of WW was also lost when we 
varied the probability of progression to treatment with AS. 
In the absence of long-term follow-up of studies of obser¬ 
vation, we assumed constant rates of conversion from ob- 
sers'ation to treatment. Active surveillance became favored 
over VC'W if the probability of progressing to treatment on 
AS decreased by more than 15% in men aged 65 years and 
more than 19% in men aged 75 yean. 

Active surveillance also )'ielded a higher QALE than 
WW when the utility of being on AS was increased. As 
previously reported, utilities are key to the QALE ads’an- 
uge associated with AS venus initial treatment (15). In the 
base case, we assumed no difference in utility between AS 
and WW in the absence of literature values. Sensidvity 
analyses found that increasing the udlity on AS from 0.83 
to 0.87 in men n^ed 65 years or to 0.84 in men aged 75 
yean made AS equivalent to WW. 

Watchful waiting remained the least expensive in all 
but the most extreme scenario modeled as a result of the 
magnitude of difference in cost in the number of men 
treated, treating adverse effects of treatment, and surveil¬ 
lance. The high cost of AS was primarily due to the cost of 
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curative treatment and surveillance. In the base case, men 
on AS who convert to treatment receive IMRT, the most 
expensive method. Aaive surveillance remained subsun- 
tially more expensive than WW in the sensitivity analysis 
in which the same treatment distribution was used for AS 
as for WW, although its cost was slighdy less than that of 
initial treatment with BT. 

In a recent decision analysis, Keegan and colleagues 
(17) compared the costs of AS with initial treatment with 
RP, radiation therapy, BT, and primary androgen- 
deprivation therapy. Active surveillance was associated with 
a per-patient cost savings of $16 042 (Cl, $16 039 to 
$16046) after 5 years and $9944 (Cl, $9941 to $9948) 
after 10 yean of follow-up (17). This study used hospital 
costs at a single institution, and costs were lower because it 
did not incorporate the costs of s)'mptoms on AS or the 
costs of treatment of adverse efleas, in contrast to our 
study. Corcoran and colleagues (35) compared a combina¬ 
tion of WW and AS with RP and found that RP was more 
expensive, at $15 235 versus $6558 to $11 992 for UW 
and AS (depending on the rate of conversion to RP and 
surveillance schedule). However, this anal)'sis used a 15- 
year time horizon and an annual conversion rate between 
5% and 7%. Our annual rate of conversion to treatment of 
9% in the base case of AS refleas the more current data 
used in our analysis, and our lifetime horizon results in 
higher costs for AS and WW in our study. One recent 
analysis has modeled the prostate cancer-specific mortality 
rate of AS compared with AS followed by RP and found 
that RP was associated with 1.8 months of additional life 
expectancy (36), but no studies to date have done cost- 
effeaiveness analyses for WW and AS compared with ini¬ 
tial treatment. 

The limitations of our study reflect, in part, limita¬ 
tions of the literature. We used point estimates from a 
subgroup analysis in PIVOT, a study criticized for being 
underpowered. Although the estimate of the HR for pros¬ 
tate cancer-specific death for treatment versus AS is a rea¬ 
sonable assumption, no data exist to compare AS with 
WW or with treatment, although we calibrated our model 
to PIVOT and validated it using the published literature 
(Appendix 1). We assumed a constant rate of conversion 
from observation to treatment, but it may diminish with 
time. The rates of progression to treatment in our model 
are similar to those repotted in the literature (34% in men 
aged 75 years and 37% in men aged 65 yean after 5 years) 
(12, 22, 23. 25-28), but to date, most Gleason score up¬ 
grading on biops)' has occurred within several years of di¬ 
agnosis (37-39). In the absence of data in the literature, 
men who progressed on AS received IMRT in our base 
case because most men arc eligible for this treatment in 
contrast to BT or RP, for which eligibility is limited by 
prostate volume and comorbid conditions, rcspeaivcly, 
thus biasing results against AS in terms of cost. Utilities are 
central to any analysis of QALE. and the lack of a stan- 
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dardizcd catalog of prostate cancer health states is a hin¬ 
drance to modeling cost-eficaiveness in this disease. We 
have attempted to address all of these concerns in setuitiv- 
itv and probabilistic sensitivit)' anal)’scs. We have not in- 
chided a cost-efFeaiveness acceptabihty curve to illustrate 
uncertainty surrounding the willingness-to-pay threshold. 
However, given the debate surrounding the existence of an 
accepted threshold in this country, we believe that the 
probabilistic sensitivity anal)’sis conveys the uncertainty 
and magnitude of our results in a transp)arent way (40). 
Despite the considerable uncertaint)' surrounding inputs in 
this model and the limitations of this studv, one may con¬ 
clude that observation is a reasonable and, in some situa¬ 
tions, cost-saving alternative to initial treatment. 

In this analysis, observation was associated with im¬ 
proved QALE compared with initial treatment in men 
with low-risk prostate cancer. Watchful waiting provided 
greater QALE benefit compared with initial treatment than 
AS. but this finding was dependent on several model as¬ 
sumptions. As has been demonstrated, preferences arc cen¬ 
tral to the QALE advantage of observation, and the deci¬ 
sion about which strategs’ to pursue must be an individual 
one. Using our results, we estimated that if the number of 
newly diagnosed men with low-tisk prostate cancer who 
scicacd observation with WW increased from 10% to 
50**fa, it would result in a cost savings of more than SI 
billion: if one half of the men who chose observation opted 
for W'K^ and one half for AS. it would save $500 million. 
,As we better classify men as low risk by adding molecular 
and imaging techniques currently in development to stan¬ 
dard clinicJ parameters, prospective studies should deter¬ 
mine whether less surveillance than is typically done on AS 
is safe for men who select observation for low-risk prostate 
cancer. These findings provide further suppon for W\C' 
and ,4S as reasonable and underutilized options for men 
with low-risk prostate cancer. 
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